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(54) POWER MODULE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce in size a power 
module and to improve cooling and reliability. 
SOLUTION: In the power module 111, free wheeling 
diodes 1A and IGBT1B and a DC current filtering 
capacitor 20 are disposed in series on the surface 2BS 
of a conductive heat sink 2B having through holes 2BH. 
Then, rear surface electrodes of the diodes 1a, IGBT1B 
and the capacitor 20 are, for example, adhered onto the 
heat sink 2B with solder, and the diodes 1A and IGBT1B 
and the capacitor 20 are electrically connected to the 
sink 2B. Meanwhile, the front surface electrodes of the 
diode 1A and IGBT1B and the capacitor 20 are 
connected with wires 7. A refrigerant flows in the holes 
2BH of the sink 2B. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The power module characterized by having a heat sink, the 1st power semiconductor 
device soon arranged on the aforementioned heat sink, and the capacitor soon arranged on the 
aforementioned heat sink. 

[Claim 2] It is the power module with which it is a power module according to claim 1 , and the 
aforementioned heat sink has two or more front faces, and the 1st power semiconductor device 
of the above and the aforementioned capacitor are characterized by being arranged on the 
aforementioned front face where the aforementioned heat sinks differ. 

[Claim 3] It is the power module characterized by being a power module according to claim 1 or 
2, and the aforementioned heat sink having the passage of a refrigerant. 
[Claim 4] It is the power module which is a power module according to claim 1 to 3, and is 
characterized by for the aforementioned heat sink having had conductivity and the electrode of 
the 1 st power semiconductor device of the above and the electrode of the aforementioned 
capacitor having pasted it up soon with the aforementioned heat sink. 

[Claim 5] The power module which is a power module according to claim 4, and is characterized 
by having further the insulating substrate arranged on the aforementioned heat sink, and the 2nd 
power semiconductor device arranged on the aforementioned heat sink through the 
aforementioned insulating substrate. 

[Claim 6] The power module characterized by having the 2nd power semiconductor device 
arranged soon on a power module according to claim 4, other heat sinks, and a heat sink besides 
the above. 

[Claim 7] It is the power module which it is a power module according to claim 6, and the heat 
sink besides the above had conductivity, and the electrode of the 2nd power semiconductor 
device of the above has pasted it up on the heat sink besides the above soon, and is 
characterized by equipping the aforementioned power module with the insulating member which 
insulates a heat sink besides the above from the aforementioned electrode of the 
aforementioned heat sink and the aforementioned capacitor further. 

[Claim 8] The power module which is a power module according to claim 7, and is characterized 
by having further the conductive member arranged on the aforementioned insulating member, 
and the flexible wiring which connects electrically between the 1st power semiconductor device 
of the above, and the 2nd power semiconductor device of the above while connecting with the 
aforementioned conductive member. 

[Claim 9] The power module characterized by having the 1st power semiconductor device 

arranged soon on the electrode of a capacitor and the aforementioned capacitor. 

[Claim 10] It is the power module characterized by being a power module according to claim 9, 

and the aforementioned electrode of the aforementioned capacitor having the passage of a 

refrigerant. 

[Claim 1 1] The power module which is a power module according to claim 9, and is characterized 
by having further the insulating substrate arranged on the aforementioned electrode of the 
aforementioned capacitor, and the 2nd power semiconductor device arranged on the 
aforementioned electrode of the aforementioned capacitor through the aforementioned insulating 
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substrate. 

[Claim 1 2] It is the power module characterized by being a claim 5 or a power module given in 
either 8 or 11, and the 2nd power semiconductor device of the above accomplishing the upper 
arm of the aforementioned power converter by connecting electrically the 1st power 
semiconductor device of the above, and the 2nd power semiconductor device of the above, and 
the 1st power semiconductor device of the above accomplishing the lower arm of a power 
converter. 

[Claim 13] The plurality of the arm of the aforementioned power converter which is a power 
module according to claim 12, and contains an above top arm and the bottom arm of the above, 
The 2nd electrode which supplies the 2nd voltage to each 2nd power semiconductor device of 
the above of the 1st electrode which supplies the 1st voltage to each 1st power semiconductor 
device of the above of each bottom arm of the above, and each above top arm is included. It is 
the power module which is further equipped with the coaxial line projected and prepared from 
the arrangement side of the 1 st power semiconductor device of the above, or the 2nd power 
semiconductor device of the above, and is characterized by for two or more aforementioned 
arms enclosing the aforementioned coaxial line, and arranging them by abbreviation regular 
intervals on a concentric circle. 

[Claim 1 4] It is the power module which is equipped with the case characterized by providing the 
following, and is characterized by forming the space of the 1 continuation which two or more 
aforementioned heat sinks open a crevice mutually into the aforementioned space of the 
aforementioned case, are arranged, and consists of the aforementioned crevice and the 
aforementioned passage in the aforementioned space of the aforementioned case. Two or more 
heat sinks with which each has the passage of a refrigerant Two or more power semiconductor 
devices by which each was carried on the aforementioned heat sink Space which can contain 
two or more aforementioned heat sinks 

[Claim 15] The power module which is a power module according to claim 14, and is 
characterized by pouring an insulating refrigerant in the aforementioned passage of the 
aforementioned heat sink. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates mainly to the technology 

which raises the cooling performance of a power module about a power module. 

[0002] 

[Description of the Prior Art] The 1st conventional typical external view of power module 101P 
is shown in drawing 34 . In power module 101 P, copper base board 9P are arranged through 
heat-conduction grease (not shown) on radiation-fin or heat sink 2P, and insulating-substrate 5P 
are arranged on base board 9P. Furthermore, freewheeling-diode (it is also only hereafter called 
diode) 1 AP and insulated-gate mold bipolar transistor (referred to also as IGBT below Insulated 
Gate Bipolar Transistor;) 1 BP are arranged on insulating-substrate 5P. 

[0003] In conventional power module 101P, copper foil 6P are formed in both the principal planes 
of insulating-substrate 5P, and copper foil 6P and base board 9P are soldered, and diode 1 AP 
and IGBT1BP are soldered on copper foil 6P. Furthermore, electrode 3P are prepared through 
insulating-layer 4P on radiation-fin 2P. And predetermined electric connection is made by wire 
7P. In addition, the composition containing radiation-fin 2P, diode 1AP, IGBT1BP, etc. is stored 
in the case (not shown). 

[0004] A bus bar or wiring 91 P are connected to electrode 3P, and bus bar 91 P are pulled out 
besides the above-mentioned case. The current transformer for current detection or current 
transformer 92P are attached out of the case bus bar 91 P. moreover, the object for direct- 
current smooth [ of a cylindrical shape ] — capacitor 8P are prepared separately from radiation- 
fin 2P grade out of the case (illustration-ization of the topology is omitted) 

[0005] The 2nd conventional typical external view of power module 102P is shown in drawing 35 . 
Power module 102P do not have above-mentioned base board 9P, but insulating-substrate 5P 
are arranged on radiation-fin 2P through heat-conduction grease. The structure of others of 
power module 102P is the same as that of above-mentioned power module 101 P. 
[0006] The 3rd conventional typical external view of power module 103P is shown in drawing 36 . 
Power module 103P are the so-called power converter. In power module 103P, all diode 1APs 
and IGBT1BP(s) are arranged on insulating-substrate 5P. In addition, heat sink 2B[ of power 
module 103P ] P has breakthrough 2BHP, and a refrigerant is poured by this breakthrough 2BHP. 
The structure of others of power module 1 03P is the same as that of above-mentioned power 
module 101 P fundamentally. 
[0007] 

[Problem(s) to be Solved by the Invention] The conventional power modules 101P-103P have 
the following troubles. First, there is a trouble of a low in the reliability over the temperature at 
the time of operation. 

[0008] In detail, when coefficient of thermal expansion with heat sink 2AP, 2BP and diode 1AP, 
and IGBT1BP differs, in an above-mentioned soldering portion, the thermal stress according to 
the temperature gradient from the congealing point of solder occurs. For this reason, the trouble 
that a crack occurs and advances is in a soldering portion according to the heat cycle by the 
repeat of the heat cycle (or temperature cycle) and/or the use, and a halt at the time of use of 
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the power modules 101P-103P (at the time of operation). The crack of such a soldering portion 
will contract the life of a power module. 

[0009] At this time, in order to make above-mentioned thermal stress small, it is possible to 
thicken solder (for example, 300 micrometers or more). However, by such thickness, the thermal 
resistance between diode 1AP, etc. and heat sink 2AP and 2BP becomes large, and the separate 
problem that heat sink 2AP and 2BP must be enlarged is caused. 

[0010] Furthermore, by the conventional power modules 101P-103P, if temperature distribution 
arise in insulating-substrate 5P or base board 9P grade by generation of heat of diode 1 AP etc., 
curvature and a wave will occur in insulating-substrate 5P grade. At this time, when a 
temperature gradient is large, a crevice is formed between radiation-fin 2P and base board 9P 
etc. For this reason, between radiation-fin 2P, insulating-substrate 5P, or base board 9P is no 
longer filled with heat-conduction grease (air entering), and there is a trouble that heat transfer 
will fall. Moreover, or the crack initiation of an above-mentioned soldering portion is promoted, 
there is a trouble that a crack advances. Formation of this crevice will reduce the reliability of a 
power module. 

[001 1] In order to make it not generate an above-mentioned crevice, the temperature 
distribution for example, within insulating-substrate 5P grade can be equalized, or it is possible 
to thicken insulating-substrate 5P grade and to increase rigidity. However, if insulating-substrate 
5P grade is thickened, the thermal resistance between insulating-substrate 5P grade, and heat 
sink 2AP and 2BP will become large, and the separate problem that heat sink 2AP and 2BP must 
be enlarged also in this case is caused. 

[0012] Furthermore, since the property of an element is changed by the temperature rise when 
diode 1AP and the calorific value of IGBT1BP are large, in order to secure reliability, there is a 
trouble that the amount of current must be restricted. 

[0013] Furthermore, by the conventional power modules 101P-103P, since current transformer 
92P and capacitor 8P of a cylindrical shape are separately prepared out of the case of a power 
module, there is a trouble that the whole module is large-sized. Moreover, the property of 
current transformer 92P will be enlarged when the current to measure contains many dc 
components, and according to current transformer 92P, measurement will be performed including 
the measurement error (about 5%) resulting from the property change by generation of heat. 
[0014] Moreover, in power module 103P, the distance of electrode 62P connected to an 
electrode 61 P connected to low voltage side by arrangement position of each power 
semiconductor device of diode 1A and IGBT1B in power converter with each power 
semiconductor device and high potential side differs. For this reason, the inductances of wiring 
of wire 7P grade will differ for every power semiconductor device, consequently output voltage 
will vary. 

[0015] this invention is made in view of this trouble — having — small — it is lightweight and 

sets it as the main purpose to offer a reliable power module 

[0016] 

[Means for Solving the Problem] (1) The power module concerning invention according to claim 1 
is characterized by having a heat sink, the 1st power semiconductor device soon arranged on the 
aforementioned heat sink, and the capacitor soon arranged on the aforementioned heat sink. 
[001 7] (2) The power module concerning invention according to claim 2 is a power module 
according to claim 1, and the aforementioned heat sink has two or more front faces, and it is 
characterized by arranging the 1st power semiconductor device of the above, and the 
aforementioned capacitor on the aforementioned front face where the aforementioned heat sinks 
differ. 

[0018] (3) The power module concerning invention according to claim 3 is a power module 
according to claim 1 or 2, and the aforementioned heat sink is characterized by having the 
passage of a refrigerant. 

[0019] (4) The power module concerning invention according to claim 4 is a power module 
according to claim 1 to 3, and it is characterized by for the aforementioned heat sink having had 
conductivity and the electrode of the 1 st power semiconductor device of the above and the 
electrode of the aforementioned capacitor having pasted it up soon with the aforementioned 
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heat sink. 

[0020] (5) The power module concerning invention according to claim 5 is a power module 
according to claim 4, and is characterized by having further the insulating substrate arranged on 
the aforementioned heat sink, and the 2nd power semiconductor device arranged on the 
aforementioned heat sink through the aforementioned insulating substrate. 
[0021] (6) The power module concerning invention according to claim 6 is characterized by 
having the 2nd power semiconductor device arranged soon on the heat sink of a power module 
according to claim 4 and others, and a heat sink besides the above. 

[0022] (7) The power module concerning invention according to claim 7 is a power module 
according to claim 6, the heat sink besides the above had conductivity, the electrode of the 2nd 
power semiconductor device of the above has pasted it up on the heat sink besides the above 
soon, and the aforementioned power module is characterized by having further the insulating 
member which insulates a heat sink besides the above from the aforementioned electrode of the 
aforementioned heat sink and the aforementioned capacitor. 

[0023] (8) The power module concerning invention according to claim 8 is a power module 
according to claim 7, and is characterized by having further the flexible wiring which connects 
electrically between the 1 st power semiconductor device of the above, and the 2nd power 
semiconductor device of the above, while connecting with the conductive member arranged on 
the aforementioned insulating member, and the aforementioned conductive member. 
[0024] (9) The power module concerning invention according to claim 9 is characterized by 
having the 1st power semiconductor device arranged soon on the electrode of a capacitor and 
the aforementioned capacitor. 

[0025] (10) The power module concerning invention according to claim 10 is a power module 
according to claim 9, and the aforementioned electrode of the aforementioned capacitor is 
characterized by having the passage of a refrigerant. 

[0026] (1 1) The power module concerning invention according to claim 1 1 is a power module 
according to claim 9, and is characterized by having further the insulating substrate arranged on 
the aforementioned electrode of the aforementioned capacitor, and the 2nd power 
semiconductor device arranged on the aforementioned electrode of the aforementioned 
capacitor through the aforementioned insulating substrate. 

[0027] (12) The power module concerning invention according to claim 12 is a claim 5 or a power 
module given in either 8 or 11, and the 1st power semiconductor device of the above and the 
2nd power semiconductor device of the above are characterized by connecting electrically, for 
the 1 st power semiconductor device of the above accomplishing the lower arm of a power 
converter, and the 2nd power semiconductor device of the above accomplishing the upper arm 
of the aforementioned power converter. 

[0028] (13) The power module concerning invention according to claim 13 The plurality of the 
arm of the aforementioned power converter which is a power module according to claim 12, and 
contains an above top arm and the bottom arm of the above, The 2nd electrode which supplies 
the 2nd voltage to each 2nd power semiconductor device of the above of the 1 st electrode 
which supplies the 1 st voltage to each 1 st power semiconductor device of the above of each 
bottom arm of the above, and each above top arm is included. It is characterized by having 
further the coaxial line projected and prepared from the arrangement side of the 1 st power 
semiconductor device of the above, or the 2nd power semiconductor device of the above, and 
for two or more aforementioned arms enclosing the aforementioned coaxial line, and being 
arranged by abbreviation regular intervals on a concentric circle. 

[0029] (14) The power module concerning invention according to claim 14 Two or more heat 
sinks with which each has the passage of a refrigerant, and two or more power semiconductor 
devices by which each was carried on the aforementioned heat sink, It is characterized by having 
the case which has the space which can contain two or more aforementioned heat sinks, for two 
or more aforementioned heat sinks opening a crevice mutually into the aforementioned space of 
the aforementioned case, arranging them, and forming the space of the 1 continuation which 
consists of the aforementioned crevice and the aforementioned passage in the aforementioned 
space of the aforementioned case. 
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[0030] (15) The power module concerning invention according to claim 15 is a power module 
according to claim 14 f and is characterized by pouring an insulating refrigerant in the 
aforementioned passage of the aforementioned heat sink. 
[0031] 

[Embodiments of the Invention] The typical external view of the power module 101 concerning 
the gestalt 1 of the operation to <gestalt 1 of operation> drawing 1 is shown. As shown in 
drawing 1 , the power module 101 is equipped with the power semiconductor device (for example, 
a freewheeling diode and IGBT) 1 formed in the silicon (Si) substrate, heat sink 2A, an electrode 
3, an insulating layer 4, and a wire 7. In addition, in order to avoid complicated-ization of a 
drawing, detailed illustration-ization of a power semiconductor device 1 is omitted. 
[0032] Or especially the power semiconductor device 1 is soon arranged on heat sink 2A, it has 
touched, a power semiconductor device 1 corresponds to both the principal planes of the above- 
mentioned silicon substrate — both — principal plane 1S1 and 1S2 — having — **** — each - 

- the electrode (not shown) is formed in principal plane 1S1 and 1S2, respectively and the 
electrode (it is also hereafter called a rear-face electrode) formed in the rear-face 1S2 
concerned when one principal plane (it is also hereafter called rear face) 1S2 put in another way 

- the surface 2AS top of the plane of heat sink 2A — for example, it is soldered 

[0033] Here, it is [ "the power semiconductor device 1 is soon arranged on heat sink 2A", and ] 
the meaning of "without it minds insulating-substrate 5P which the conventional power modules 
101P-103P have, and base board 9P (refer to drawing 34 )", and the composition in which the 
charge of a binder for pasting both up between a power semiconductor device 1 and heat sink 
2A (for example, above-mentioned solder) exists is included in the above-mentioned gestalt by 
which "arranging soon" was carried out. In addition, you may use thermally conductive good 
adhesives, such as an epoxy resin containing conductive powder, such as aluminum and silver, 
instead of solder as the above-mentioned charge of a binder. 

[0034] Heat sink 2A contains material with almost equal silicon and coefficient of thermal 
expansion, for example, a (Molybdenum Mo) copper (Cu)-molybdenum (Mo) alloy, a tungsten (W), 
carbon fiber composite material, etc. Or the aluminum (aluminum) which contained carbon (C) 
and silicon (Si) (as a material with almost equal silicon and coefficient of thermal expansion) is 
applied as heat sink 2A. Heat sink 2A has the fin configuration in the opposite side of surface 
2AS. 

[0035] Furthermore, the insulating layer 4 is arranged on heat sink 2A, and the electrode 3 is 
arranged on the insulating layer 4. That is, an insulating layer 4 insulates and the electrode 3 is 
arranged on heat sink 2A. The electrode 3 and the electrode (it is also hereafter called a surface 
electrode) formed in principal plane (it is also hereafter called front face) 1 S1 of another side of 
a power semiconductor device 1 are electrically connected by the wire 7. In addition, you may 
connect electrically an electrode 3 and the surface electrode of a power semiconductor device 1 
by the pressure welding, the electroconductive glue, etc. 

[0036] According to the power module 101, the following effects can be acquired, that is, since 
the coefficient of thermal expansion of a power semiconductor device 1 and heat sink 2A is 
almost equal, it differs in the conventional power modules 101P-103P, and it can boil markedly 
that the crack which originated in the heat cycle at a part for the joint of a power semiconductor 
device 1 and heat sink 2A (soldering portion) occurs, and can suppress For this reason, it differs 
in the conventional power modules 101P-103P, there is no need of thickening solder, and 
thermal resistance between a power semiconductor device 1 and heat sink 2A can be made 
small. Thereby, a heat sink can be formed into small lightweight. 

[0037] Furthermore, since a power semiconductor device 1 and heat sink 2A have touched soon, 
the temperature gradient between a power semiconductor device 1 and heat sink 2A can be 
made small, for this reason, the conventional power modules 101P-103P — differing — even if - 

- the inside of rear-face 1 S2 of a power semiconductor device 1 — and/or, even if it is the case 
where temperature distribution arise in surface 2AS of heat sink 2A, or it generates between 
rear-face 1S2 and surface 2AS, the thermal stress generated in the charge of a binder between 
rear—face 1 S2 and surface 2AS is small Thereby, the reliability of a power semiconductor device 
is raised, and according to the power module 101, high reliability can be acquired at a long period 
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of time. 

[0038] The typical external view of the power module 102 concerning the gestalt 2 of the 
operation to <gestalt 2 of operation> drawing 2 is shown. As shown in drawin g 2 , the power 
module 102 is equipped with freewheeling-diode 1A as a power semiconductor device 1 as 
stated above and IGBT1B, heat sink 2A, an electrode 3, an insulating layer 4, and a wire 7. In 
addition, it stops to give the same sign to a thing equivalent to a component as stated above, 
and use the explanation for. 

[0039] freewheeling-diode 1A — previous statement — each — it has surface 1AS1 
corresponding to surface 1S1 and rear-face 1S2 and rear-face 1AS2, and a surface electrode 
and a rear-face electrode (not shown) the same — IGBT1B — previous statement — each — it 
has surface 1BS1 corresponding to surface 1S1 and rear-face 1S2 and rear-face 1BS2, and a 
surface electrode and a rear-face electrode (not shown) 

[0040] Especially heat sink 2A of the power module 102 consists of the copper-molybdenum 
alloy of the material which has conductivity, for example, an above-mentioned material, etc. And 
diode 1A and IGBT1B make rear-face 1AS2 and 1BS2 meet surface 2AS of heat sink 2A, and 
are soon arranged on heat sink 2A. Diode 1 A and IGBT1 B are pasted up by the charge of a 
binder which has conductivity, for example, solder, on heat sink 2A. Thereby, both the rear-faces 
electrode of diode 1A and IGBT1B is electrically connected through solder and conductive heat 
sink 2A. On the other hand, the surface electrode of diode 1A, the surface electrode of IGBT1B, 
and the electrode 3 are electrically connected by the wire 7. 

[0041] Thus, by the power module 102, since heat sink 2A has conductivity (i.e., since heat sink 
2A works as an electrode), the number of an electrode 3 and an insulating layer 4 can be cut 
down, and a power module can be formed into small lightweight. 

[0042] In addition, heat sink 2A of the power module 102 has lobe 2AT which continues from 
surface 2AS, and the insulating layer 4 and the electrode 3 have extended also on lobe 2AT. 
Thereby, the electrode 3 on lobe 2AT of conductive heat sink 2A and lobe 2AT can be used as a 
terminal of the power module 102. 

[0043] In addition, although the power module 102 is applied to the circuitry from which each 
rear-face electrode of two or more power semiconductor devices mainly serves as the same 
potential, two or more power semiconductor devices from which the potential of a rear-face 
electrode differs can be carried by preparing the insulating substrate (equivalent to conventional 
insulating-substrate 5P (referring to drawing 34 )) which has conductive layers, such as copper 
foil, between heat sink 2A and a power semiconductor device 1 . 

[0044] The typical external view of the power module 103 concerning the gestalt 3 of the 
operation to <gestalt 3 of operation> drawing 3 is shown. As shown in drawing 3 , the power 
module 103 has the composition with which two power modules 102 were combined and united 
through insulating member 10. An epoxy resin, injection-molding plastics, etc. are applicable as 
insulating member 10. 

[0045] By the power module 103, it extends to the power module 102 side of another side 
mutually, and connects with heat sink 2A of the power module 102 of the another side 
concerned electrically, for example, the electrode 3 of each power module 102 is soldered (lobe 
3T reference). 

[0046] Since according to the power module 103 two power modules 102 are prepared 
beforehand and a circuit is constituted combining these, a module can be formed easily. Since 
the power module 1 02 by which small lightweight-ization was promoted is used at this time, the 
power module 103 also turns small lightweight. In addition, you may combine three or more power 
modules 102. 

[0047] In addition, you may connect directly between diode 1A and heat sink 2A with a wire 7 
through an electrode 3, for example. In this case, electrode 3 grade is further reducible. 
[0048] The typical external view of the power module 104 concerning the gestalt 4 of the 
operation to <gestalt 4 of operation> drawing 4 is shown. As shown in drawin g 4 , the power 
module 104 is equipped with freewheeling-diode 1A, IGBT1B, conductive heat sink 2B, an 
electrode 3, an insulating layer 4, and a wire 7. 

[0049] Heat sink 2B consists of the same material as above-mentioned conductive heat sink 2A, 
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and has surface 2BS of the plane corresponding to the above-mentioned surface 2AS. And diode 
1A, IGBT1B. and the insulating layer 4 are arranged on the surface 2BS concerned. 
[0050] Especially heat sink 2B of the power module 104 has two breakthrough (passage of 
refrigerant) 2BH as passage of a refrigerant From surface 2BS, each breakthrough 2BH is put in 
order and prepared in it in drawin g 4 at the longitudinal direction, if it puts in an of-the-same- 
grade remote position in another way. Moreover, each breakthrough 2BH is formed so that the 
lower part of diode 1A and IGBT1B may be passed. In addition, breakthrough 2BH may be one or 
three or more. 

[0051] By the power module 104, by pouring liquids, such as gases, such as 6 refrigerant, for 
example, air, and sulfur fluoride (SF6) and carbon dioxide gas, and water, an oil, FURORINA, to 
breakthrough 2BH, heat sink 2B is followed and diode 1A and IGBT1B are cooled compulsorily. 
Thereby, refrigeration capacity can be raised sharply, consequently, a limit of the amount of 
current currently made in order to secure reliability like the conventional power modules 101P- 
103P — relief — or — it can cancel — moreover, a heat sink — therefore, a power module can 
be formed into small lightweight 

[0052] The typical external view of power module 104A concerning the modification 1 of the 
gestalt 4 of the operation to <modification 1 of gestalt 4 of operation> drawin g 5 is shown. As 
shown in drawin g 5 , it had two above-mentioned power modules 104, breakthrough 2BH of heat 
sink 2B was connected by piping 2BJ, and both the power module 104 has connected power 
module 104A. 

[0053] If it puts in another way when setting (i) both heat sink 2B as this potential at this time, 
in setting rear-face electrodes, such as diode 1A on both heat sink 2B, as this potential In 
insulating between both heat sink 2Bs to (ii) reverse at least at one side of piping and a 
refrigerant using conductive material and matter (it is hereafter called electric conduction 
connection) If it puts in another way, in insulating comrades, such as diode 1 A on both heat sink 
2B, it uses insulating material and matter for the both sides of piping and a refrigerant (it is 
hereafter called insulating connection). 

[0054] If insulating-substrate 5P (and copper foil 6P) (refer to drawing 34 ) of previous 
statement are prepared between heat sink 2B, diode 1 A, etc. even if it is the case where 
conductive material and matter are used at least for one side of piping and a refrigerant like the 
above (iii) (i) at this time, diode 1 A etc. can be insulated between both heat sink 2Bs like the 
above (ii). Conversely, if it says, according to above-mentioned electric conduction connection 
and above-mentioned insulating connection, it is not necessary to use insulating-substrate 5P 
grade. 

[0055] In addition, three or more power modules 104 may be connected for Piping BJ, and power 
module 1 04A may be constituted. In electric conduction connection, at this time, the pump (not 
shown) for pouring a refrigerant is formed for every group by making into one group two or more 
power modules 104 set as this potential. On the other hand, what is necessary is just to form 
one pump to the whole power module 104A in insulating connection. 

[0056] The typical external view of power module 104B concerning the modification 2 of the 
gestalt 4 of the operation to <modification 2 of gestalt 4 of operation> drawing 6 is shown. By 
power module 104B, as shown in drawing 6 , if two breakthrough 2BH changes and puts the 
distance from surface 2BS in another way, in drawin g 6 , it arranges up and down and is formed. 
[0057] Like above-mentioned power module 104A, each breakthrough 2BH of two or more power 
module 104B may be connected by piping 2BJ, and a circuit may be constituted (refer to drawin g 
7 ). At this time, it reaches in upper breakthrough 2BH and lower breakthrough 2BH is connected 
by piping 2BJ, respectively. By piping so that it may flow, a refrigerant may be turned up after 
that from upper breakthrough 2BH near diode 1A and IGBT1B and it may flow to lower 
breakthrough 2BH especially, as compared with the above-mentioned power module 104, the 
temperature gradient of the refrigerant in each heat sink 2B is absorbed, and more uniform 
refrigeration capacity is obtained. 

[0058] The typical external view of power module 104C concerning the modification 3 of the 
gestalt 4 of the operation to Modification 3 of gestalt 4 of operation> drawin g 8 is shown. As 
shown in drawin g 8 , power module 104C is equipped with the two above-mentioned power 
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modules 104, and both the power module 104 is arranged in contact with surface 2BS of heat 
sink 2B in the front faces of an opposite side. 

[0059] The typical external view of power module 104D concerning the modification 4 of the 
gestalt 4 of the operation to <modification 4 of gestalt 4 of operation> drawin g 9 is shown. As 
shown in drawin g 9 , power module 104D is equipped with the two above-mentioned power 
modules 104, and both the power module 104 is accumulated up and down through the supporter 
material 15. this time — (i) — if conductive members, such as a metal, are used for at least one 
supporter material 15 — both heat sink 2B — this potential — it can set up — (ii) — if 
insulating member, such as a resin, is used for all the supporter material 15, between both heat 
sink 2Bs can be insulated 

[0060] The typical external view (a plan and side elevation) of the power module 105 applied to 
the gestalt 5 of operation at <gestalt 5 of operation> drawing 10 and drawing 1 1 is shown. In 
addition, drawing 1 1 is omitting illustration-ization of a part of component in drawing 1 1 , in order 
to avoid complicated-ization of a drawing in the external view at the time of seeing the power 
module 105 from the direction of the arrow A in drawing 10 . Moreover, typical drawing of 
longitudinal section of the power module 105 is shown in drawing 12 . 

[0061] The power module 105 accomplishes the so-called voltage type power converter of a 
three phase circuit. In addition, an inverter and a converter are included with a power converter. 
In a power converter, the upper arm and lower arm which accomplish a pair mutually and form an 
arm are connected in series through an output terminal for every phase, an upper arm is 
connected between output terminals a high potential (it corresponds to 2nd voltage) side, and a 
lower arm is connected between an output terminal and a low voltage (it corresponds to 1st 
voltage) side (or grounded). That is, the power converter has accomplished the polyphase bridge 
circuit (here three-phase-circuit bridge circuit) in equal circuit. 

[0062] The power module 105 is equipped with heat sink 2C of the cylindrical shape which has 
circular principal plane (front face) 2CS1 which counters, and 2CS2. Heat sink 2C has 
conductivity. 

[0063] Three insulating substrates SOU, 50V, and SOW which consist of a ceramic board are 
arranged on one principal plane 2CS1 of heat sink 2C. Copper foil is formed on both the principal 
planes of each insulating substrates SOU, 50V, and 50W, and insulating substrates SOU, 50V, and 
SOW are pasted up on principal plane 2CS1 with solder. At this time, the above-mentioned 
copper foil which meets heat sink 2C is for performing adhesion between insulating substrates 
50U, 50V, and 50W and heat sink 2C good. On the other hand, each copper foil which does not 
meet heat sink 2C on each insulating substrates SOU and 50V and SOW accomplishes each 
electrodes 60U, 60V, and 60W which are equivalent to the output terminal of a power converter. 
For this reason, you may use electrical conducting materials other than copper foil as electrodes 
60U, 60V, and 60W. 

[0064] Especially the insulating substrates SOU, 50V, and 50W are arranged at abbreviation 
regular intervals on the periphery of circular principal plane 2CS1, and the periphery of this 
heart. If it puts in another way, only the distance same from the above-mentioned center on the 
radiation accomplished and specified leaves the same angle (here 120 degrees) mutually to the 
center of circular principal plane 2CS1, and insulating substrates SOU, 50V, and 50W are 
arranged. 

[0065] Furthermore, the group of the power semiconductor device which consists of one diode 
each 1A and IGBT1B adjoins 3 sets and insulating substrates 50U, 50V, and 50W, and is soon 
arranged on principal plane 2CS1. Each class of an above-mentioned power semiconductor 
device is arranged at abbreviation regular intervals again at the periphery [ of circular principal 
plane 2CS1 ], and periphery top of this heart between the arrays of each above-mentioned 
insulating substrates 50U, 50V, and 50W. Especially each rear-face electrode of this diode 1A 
and IGBT1B is soon pasted up on principal plane 2CS1 with solder. On the other hand, each 
surface electrode of diode 1A and IGBT1B is electrically connected to Electrodes 60U, 60V, and 
60W by the wire 7. Thus, each class of 3 sets of diode 1A and IGBT1B by which direct 
attachment is carried out on heat sink 2C constitutes the lower arm of a power converter. 
[0066] Furthermore, the insulating substrate 5 which consists, for example of a ceramic board 
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approaches insulating substrates 50U, 50V, and 50W f and is arranged on principal plane 2CS1. 
Each insulating substrate 5 is arranged at abbreviation regular intervals again at the periphery 
[ of circular principal plane 2CS1 ], and periphery top of this heart between the arrays of each 
above-mentioned insulating substrates 50U, 50V, and 50W. Copper foil is formed on both the 
principal planes of each insulating substrate 5, and each insulating substrate 5 is pasted up on 
principal plane 2CS1 with solder. The copper foil of the side which does not meet heat sink 2C 
accomplishes a conductive layer 6. 

[0067] Diode 1A and IGBT1B are arranged on the conductive layer 6 of each insulating substrate 
5. Diode 1A and IGBT1B made each rear-face electrode meet a conductive layer 6, for example, 
are pasted up with solder. Moreover, the adjoining conductive layer 6 and Electrodes 60U, 60V, 
and 60W are connected by the wire 7. 3 sets of diode 1 A arranged on heat sink 2C through the 
insulating substrate 5, and IGBT1 B — each constitutes the upper arm of a power converter 
[0068] According to the starting arrangement, such as diode 1 A, three arms (it consists of an 
upper arm and a lower arm) which the power module 105 has enclose the circular center (an 
electrode 61 is arranged like the after-mentioned) concerned of circular principal plane 2CS1 of 
heat sink 2C, and are arranged by abbreviation regular intervals on the concentric circle. 
[0069] And insulating-substrate 50C which consists for example, of a ceramic board near 
[ concerned / circular ] a center on circular principal plane 2CS1 is arranged. On both the 
principal planes of insulating-substrate 50C, copper foil is formed, for example, and insulating- 
substrate 50C is pasted up on principal plane 2CS1 with solder. The copper foil which does not 
meet heat sink 2C accomplishes conductive-layer 60C. Each surface electrode of diode 1 A on 
an insulating substrate 5 and IGBT1 B is electrically connected with conductive-layer 60C by the 
wire 7. In addition, configurations, such as insulating-substrate 50C and conductive-layer 60U, 
are not restricted to the configuration illustrated by drawing 10 etc. 

[0070] Especially, it pierced through insulating-substrate 50C from the abbreviation center of 
circular principal plane 2CS1 which is installation sides, such as diode 1 A, for example, the 
cylindrical electrode 61 is extended (refer to drawing 12 ). The electrode 61 is electrically 
connected with heat sink 2C. Moreover, it connects with conductive-layer 60C electrically, and 
the electrode 62 is arranged. An electrode 62 consists of a tubed electrode and the electrode 61 
is inserted in the tubed interior. Insulating member 1 1 is arranged between an electrode 61 and 
62, and two electrodes 61 and 62 are insulated. Electrodes 61 and 62 accomplish the so-called 
coaxial line. In addition, by the power module 105, an electrode 62 is [ an electrode 61 ] 
equivalent to "the 2nd electrode" in "the 1st electrode." 

[0071] By such composition, the power module 105 has accomplished the power converter which 
has five electrodes 60U, 60V, 60W, 61, and 62. 

[0072] Here, the ** type view for explaining to drawing 13 breakthrough 2CH which heat sink 2C 
has is shown. In addition, drawing 13 is a drawing equivalent to drawing 10 , and in order to avoid 
complicated-ization of a drawing, illustration-ization of the insulating-substrate 5 grade in 
drawing 10 is omitted. As shown in drawing 1 3 , three breakthrough 2CH(s) of the shape of an 
abbreviation ring of the periphery of principal plane 2CS1 and this heart are formed in heat sink 
2C (various dashed lines show each), each — the power module 105 is cooled by pouring a 
refrigerant to breakthrough 2CH Although the number of breakthrough 2CH is not restricted to 
three, it is desirable that diode 1A which is a heating element, and IGBT1B prepare breakthrough 
2CH caudad. Moreover, you may prepare breakthrough 2CH for example, the shape not of a ring 
but in the shape of a whorl. Moreover, you may prepare breakthrough 2CH in piles up and down 
between principal plane 2CS1 and 2CS2 like power module 104B (refer to drawin g 6 ). 
[0073] According to the power module 105, as mentioned above, three arms of a power 
converter enclose the above-mentioned coaxial line, and are arranged by abbreviation regular 
intervals on the concentric circle. For this reason, since wiring between electrodes 61 and 62 
and each arm can be formed similarly, while being able to make small dispersion in each output 
taken out from each arm, since change by the side of low voltage can be made small, it can be 
made strong to a malfunction. Consequently, a reliable power converter can be offered. 
[0074] Although all diode 1 A etc. has been arranged on principal plane 2CS1 of heat sink 2C by 
the <modification 1 of the gestalt 5 of operation>, in addition the power module 105, you may 
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arrange the part on principal plane 2CS2 of another side of sheet sink 2C. For example, the 
component arranged on three insulating substrates 5 and it may be arranged on principal plane 
2CS2, and predetermined wiring may be performed. 

[0075] The typical external view of the power module 1 1 1 concerning the gestalt 6 of the 
operation to <gestalt 6 of operation> drawin g 14 is shown. As shown in drawing 14 , by the power 
module 111, the capacitor or capacitor 20 for diode 1A, IGBT1B, and direct-current smooth is 
soon arranged on surface 2BS of conductive heat sink 2B of the previous statement which has 
breakthrough 2BH. In addition, diode 1A and IGBT1B hit "the 1st power semiconductor device", 
respectively. 

[0076] Diode 1A has both the principal planes (surface 1AS1 and rear-face 1AS2) corresponding 
to both the principal planes of a silicon substrate like previous statement, a surface electrode is 
formed in surface 1AS1, and the rear-face electrode is formed in rear-face 1AS2 again. A 
surface electrode is formed in surface 1BS1, and the rear-face electrode is formed [ in / 
IGBT1B / similarly ] in rear-face 1BS2 again, in order [ in addition, ] to avoid complicated-ization 
of a drawing — drawing 14 — diode 1A and IGBT1B — detailed illustration-ization of each 
surface electrode and a rear-face electrode is omitted 

[0077] Especially, it differs in capacitor 8P of the conventional cylindrical shape, and a capacitor 
20 consists of the capacitor of a monotonous form which has two principal plane 20S1 which 
counters, and 20S2. And the electrode (it does not illustrate but is also called; rear-face 
electrode) is formed in one principal plane (it is also hereafter called rear face) 20S2 of a 
monotonous form, and the electrode (it does not illustrate but is also called; surface electrode) is 
formed in principal plane (it is also hereafter called front face) 20S1 of another side. 
[0078] Heat sink 2B has pasted up diode 1A, IGBT1B, and each rear-face electrode of a 
capacitor 20 on heat sink 2C with solder. Thereby, each rear-face electrodes are electrically 
connected through conductive heat sink 2B. On the other hand, diode 1A, IGBT1B, and each 
surface electrodes (heat sink 2B is not met) of a capacitor 20 are connected by the wire 7. In 
addition, you may connect between each surface electrode electrically by the pressure welding, 
the electroconductive glue, etc. 

[0079] According to the power module 111, the following effects can be acquired, first, small — 
it is lightweight and the reliable power module 1 1 1 can be offered 

[0080] In detail, direct attachment of diode 1A, IGBT1B, and the capacitor 20 is carried out on 
heat sink 2C. For this reason, these can miniaturize a power module rather than the conventional 
power modules 101P-103P formed separately. Moreover, since not only generation of heat of 
diode 1A and IGBT1B but the temperature rise of a capacitor 20 can be suppressed by 
thermolysis operation of heat sink 2C, miniaturization of a capacitor 20, reduction in an 
inductance, and reinforcement can be attained. 

[0081] Furthermore, since direct attachment of diode 1A, IGBT1B, and the capacitor 20 is 
carried out on heat sink 2C, the length of the wiring which connects between diode 1A and 
IGBT1B, and capacitors 20 can be made shorter than the conventional power modules 101P- 
103P. Since especially heat sink 2C has conductivity, as for diode 1A, IGBT1B, and the capacitor 
20, heat sink 2C is electrically connected with the shortest path. For this reason, a circuit 
inductance can be reduced rather than the conventional power modules 101P-103P. Therefore, 
the jumping voltage (overshoot) produced at the time of the switching operation of diode 1A and 
IGBT1B can be reduced, consequently pressure-proofing and loss of diode 1A and IGBT1B can 
be reduced, moreover, a wire length — short — a bird clapper — originating — 
electromagnetism — generating of a noise can be reduced 

[0082] Moreover, according to the power module 111, since heat sink 2C has conductivity, the 
heat sink 2C concerned can be used as an electrode, for this reason — for example, part mark, 
such as wiring required in the case of an insulating heat sink, and the formation process of that 
are reducible 

[0083] In addition, the refrigeration capacity of heat sink 2B can be improved by pouring a 
refrigerant to breakthrough 2BH of heat sink 2B. 

[0084] Even if it applies conductive heat sink 2A which has fin structure like power module 1 1 1 A 
which is <the modification 1 of the form 6 of operation>, and which changes into heat sink 2B 
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and is shown in drawing 15 , an above-mentioned effect can be acquired. 
[0085] You may arrange the Modification 2 of the form 6 of operation> and a capacitor 20, 
diode 1A t and IGBT1B on the front face on which heat sink 2Bs differ. Specifically, like power 
module 1 1 1B shown in drawin g 16 , while arranging diode 1A and IGBT1B on surface 2BS of heat 
sink 2B, you may arrange a capacitor 20 on other surface (side) 2Bs S3 which cross the above- 
mentioned surface 2BS. Moreover, you may arrange on the above-mentioned surface 2BS and 
surface 2B S2 which counters. Such composition can be applied when using heat sink 2A. 
[0086] According to power module 1 1 1B, as compared with the above-mentioned power module 

111, a power module can be further formed into small lightweight. Moreover, since interference 
with thermolysis of diode 1A and IGBT1B and thermolysis of a capacitor 20 decreases, 
thermolysis nature can be improved. 

[0087] The typical external view of the power module 1 1 2 concerning the gestalt 7 of the 
operation to <gestalt 7 of operation> drawing 17 is shown. The power module 1 12 is changed into 
a capacitor 20 (refer to drawin g 14 ), and is equipped with the dielectric 33 for capacitors, and 
the electrode 31 for capacitors so that it may understand, if drawing 17 is compared with 
drawing 14 as stated above. In detail, the dielectric 33 for capacitors is put by conductive heat 
sink 2B and the conductive electrode 31 for capacitors, and the capacitor 30 of a monotonous 
form which is with heat sink 2B, the dielectric 33 for capacitors, and the electrode 31 for 
capacitors, with is equivalent to the above-mentioned capacitor 20 is constituted. Other 
composition is the same as that of the power module 111. 

[0088] In the electrode 31 for capacitors, at this time, heat sink 2B is equivalent to this rear- 
face electrode in the surface electrode of a capacitor 20. For this reason, by the power module 

1 12, if diode 1 A and IGBT1B are arranged on the rear-face electrode of a capacitor 30, it can 
catch. 

[0089] According to the power module 1 1 2, the same effect as the above-mentioned power 
module 1 1 1 is acquired. 

[0090] You may apply conductive heat sink 2A which has fin structure like power module 1 1 2A 
which is <the modification 1 of the gestalt 7 of operation>, and which changes into heat sink 2B 
and is shown in drawing 18 . 

[0091] The typical external view of power module 1 12B concerning the modification 2 of the 
gestalt 7 of the operation to <modification 2 of gestalt 7 of operation> drawing 19 is shown. In 
power module 1 12B, the dielectric 32 for capacitors and the electrode 31 for capacitors are 
arranged like power module 1 1 1 B (refer to drawing 16 ) on surface 2B S2 of a different heat sink 
2B from surface 2BS, and surface 2B S3. Such composition can be applied when using heat sink 
2A. According to power module 1 1 2B, the same effect as above-mentioned power module 1 1 1 B 
is acquired. 

[0092] The typical external view of power module 1 1 1 C concerning the gestalt 8 of the operation 
to <gestalt 8 of operation> drawing 20 is shown. Power module 1 1 1 C accomplishes the so-called 
voltage type power converter of a three phase circuit. 

[0093] In power module 1 1 1 C, a capacitor 20 makes the rear-face 20S2 meet above-mentioned 
surface 2B S2 of heat sink 2B, and is soon arranged on heat sink 2B. 

[0094] Power module 1 1 C is equipped with three arms of a power converter. Both one diode 
each 1 A and IGBT1 B that accomplish the lower arm of each arm make a rear-face electrode 
meet heat sink 2B, and are soon arranged on surface 2BS of heat sink 2B. Moreover, each 
surface electrode of diode 1 A of each lower arm and IGBT1B is electrically connected to the 
electrodes 60U, 60V, and 60W which accomplish the output terminal of a power converter, 
respectively by the wire 7. In addition, each electrodes 60U, 60V, and 60W are arranged on 
surface 2BS of heat sink 2B through each insulating substrates (or each insulating layer) SOU, 
50V, and 50W. 

[0095] On the other hand, one diode each 1A and IGBT1B (each hits the 2nd power 
semiconductor device) which accomplish the upper arm of each arm are arranged on surface 
2BS of heat sink 2B through the insulating substrate 5. At this time, the rear— face electrode of 
diode 1 A of an upper arm and IGBT1B is electrically connected with the conductive layer 6 on 
an insulating substrate 5. Each conductive layer 6 is electrically connected to the electrodes 
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60U, 60V t and 60W for each arms by the wire 7. Each surface electrode of diode 1 A which 
accomplishes an upper arm, and IGBT1B is electrically connected to the electrode 61 common 
to all arms by the wire 7. 

[0096] An electrode 61 extends even from surface 2B[ of heat sink 2B ] S to surface 20S1 of a 
capacitor 20, and is electrically connected to the surface electrode of a capacitor 20. In addition, 
the electrode 61 is insulated with portions other than the surface electrode of a capacitor 20, 
and heat sink 2B by the insulating layer 50. 

[0097] In addition, in power module 1 1 1C, heat sink 2B is equivalent to the "1st electrode" 
connected to a low voltage side in the "2nd electrode" by which an electrode 61 is connected to 
a high potential side. 

[0098] According to power module 111C, diode 1A and IGBT1B of an upper arm are arranged on 
heat sink 2B through the insulating substrate 5. For this reason, on conductive heat sink 2B, 
diode 1A and IGBT1B from which the potential of a rear-face electrode differs can be made 
intermingled, and a circuit can be formed. 

[0099] The typical external view of power module 112C concerning the modification 1 of the 
gestalt 8 of the operation to <modification 1 of gestalt 8 of operation> drawing 21 is shown. 
Power module 1 12C accomplishes the so-called voltage type power converter of a three phase 
circuit like above-mentioned power module 1 1 1 C. 

[0100] Power module 112C is changed into the capacitor 20 of power module 1 1 1C, and is 
equipped with the electrode 31 for capacitors, and the dielectric 33 for capacitors so that it may 
understand, if drawing 21 is compared with drawing 20 as stated above. In detail, the dielectric 33 
for capacitors meets surface 2B S2 of heat sink 2B, is arranged, and is inserted by heat sink 2B 
and the electrode 31 for capacitors. Thereby, it is with heat sink 2B, the dielectric 33 for 
capacitors, and the electrode 31 for capacitors, with the capacitor 30 of an above-mentioned 
monotonous form is constituted. Other composition is the same as that of power module 1 1 1C. 
[0101] According to power module 1 12C, it will be caught if diode 1A and IGBT1B are arranged 
on one electrode of a capacitor 30, and the same effect as the power module 1 1 2 can be 
acquired. Moreover, diode 1A and IGBT1B from which the potential of a rear-face electrode 
differs by the insulating substrate 5 can be made intermingled on the electrode of a capacitor 30 
like the above-mentioned power module 1 1 1 C. 

[0102] The typical external view of the power module 1 13 concerning <form 9 of operation> 
drawing 22 and the form 9 of the operation to drawing 23 is shown. Drawing 23 is equivalent to 
the external view (side elevation) at the time of seeing the power module 113 from the direction 
of the arrow A in drawing 22 . In addition, in order to avoid complicated-ization of a drawing, in 
drawing 23 , diode 1A, IGBT1B, and illustration-ization of a wire 7 are omitted. The power module 
1 13 accomplishes the so-called voltage type power converter of a three phase circuit like 
above-mentioned power module 1 1 1 C. 

[0103] By the power module 113, all diode 1 A and IGBT1B of a lower arm of a power converter 
are soon arranged on surface 2BS of one heat sink 2B for lower arms so that it may understand, 
if drawing 22 is compared with drawing 20 as stated above. And heat sink 2B and a capacitor 20 
make surface 2B S2 and rear-face 20S2 meet, and are arranged, and heat sink 2B and the rear- 
face electrode of a capacitor 20 have touched electrically. 

[0104] on the other hand, diode 1 A and IGBT1 B of each up arm of a power converter are soon 
arranged on heat sink (others — heat sink) 2B which has the conductivity for each up arms, and 
are electrically connected with the electrode 61 like power module 1 1 1 C (refer to drawing 20 ) 
insulating connection of the three heat sink 2Bs for each up arms is carried out mutually — 
**** (illustration-ization of piping 2BJ is omitted in drawin g 22 ) — insulating member 10 
insulates with heat sink 2B for lower arms, and the rear-face electrode of a capacitor 20 In 
addition, it is insulating member 10, with four heat sink 2Bs and capacitors 20 have joined 
together in one. 

[0105] Heat sink 2B for each up arms is electrically connected by the wire 7 with Electrodes 
60U, 60V, and 60W and the wire (flexible wiring) 7 for each arms. Especially the wire 7 concerned 
has connected the upper arm and the lower arm electrically by making into the point acting as 
intermediary or a point [ course ] the portion (conductive member) arranged on insulating 
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member 10 among Electrodes 60U. 60V, and 60W. 

[0106] As mentioned above, by the power module 113, it is insulating member 10, with four heat 
sink 2Bs are insulated mutually. For this reason, the potential of the rear-face electrode of diode 
1A for upper arms and IGBT1B and this rear—face electrode for lower arms can be changed, 
without using an insulating substrate 5 unlike power module 1 1 1 C (referring to drawing 20 ) as 
stated above. For this reason, only the part of an insulating substrate 5 can cut down part mark. 
[0107] Furthermore, by the power module 1113, since both the composition of an upper arm and 
a lower arm is profile EQCs, the manufacturing cost of the whole power module can be reduced. 
Consequently, the cheap power module 1 1 3 can be offered. 

[0108] Moreover, the wire 7 which connects an upper arm and a lower arm as mentioned above 
is connected to the portion (conductive member) arranged on insulating member 1 0 among 
Electrodes 60U, 60V, and 60W. For this reason, as compared with the case where between an 
upper arm and lower arms is directly connected through the above-mentioned conductive 
member, the wiring concerned bends or a lappet can be pressed down. Consequently, the short 
circuit by the lappet of wiring can be prevented. 

[0109] The typical external view (side elevation) and typical drawing of longitudinal section of 
power module 11 1D concerning <gestalt 10 of operation> drawing 24 and the gestalt 10 of the 
operation to drawing 25 are shown. Since power module 1 1 1 D has the composition which formed 
the capacitor 20 in the power module 105 as stated above fundamentally so that it may 
understand, if drawing 24 is compared with drawing 1 1 as stated above, it stops to use 
explanation as stated above for about the same composition as the power module 1 05, and 
explanation is advanced focusing on the feature portion of power module 1 1 1D. In addition, in 
drawing 24 , illustration-ization of a part of component is omitted like drawing 1 1 . 
[01 10] In addition, three lower arms of a power converter are constituted from diode 1A and 
IGBT1B by which direct attachment is carried out by heat sink 2C, respectively, and three upper 
arms of a power converter consist of diode 1 A and IGBT1B which are arranged on heat sink 2C 
through the insulating substrate 5, respectively. 

[01 1 1] As for power module 1 1 1D, the capacitor 20 is soon arranged on circular principal plane 
2CS2 of conductive heat sink 2C. At this time, a capacitor 20 makes the rear-face 20S2 meet 
heat sink 2C, and is arranged, and the rear-face electrode 20E2 (refer to drawin g 25 ) of a 
capacitor 20 and heat sink 2C are connected electrically. 

[01 12] In power module 1 1 1D, the topologies of electrodes 61 and 62 differ especially in the 
power module 105 as stated above. In detail, as shown in drawing 25 , the cylindrical electrode 
61 pierces through heat sink 2C and a capacitor 20 (except for a surface electrode 20E1), 
extends, and is electrically connected with the surface electrode 20E1 of a capacitor 20. At this 
time, insulating member 11 is also elongated with the electrode 61, and the electrode 61 is 
insulated from heat sink 2C and the capacitor 20 (except for a surface electrode 20E2). On the 
other hand, the tubed electrode 62 pierces through insulating-substrate 50C, is arranged, and is 
electrically connected with heat sink 2C. 

[01 13] In power module 1 1 1D, an electrode 62 is equivalent to the "1st electrode" connected to 
a low voltage side in the "2nd electrode" by which an electrode 61 is connected to the high 
potential side of a power converter. 

[01 14] While according to power module 1 1 1 D originating in arrangement of three arms which 
enclose a coaxial line like the power module 105 as stated above and being able to offer a 
reliable power converter, a lightweight power converter smaller than conventional power module 
103P can be offered. 

[01 15] The typical external view and typical drawing of longitudinal section of power module 
1 12D concerning the modification 1 of <modification 1 of gestalt 10 of operation> drawing 26 and 
the gestalt 10 of the operation to drawin g 27 are shown. Power module 1 12D accomplishes the 
so-called voltage type power converter of a three phase circuit like above-mentioned power 
module 1 1 1 D. 

[01 16] Power module 1 12D is changed into the capacitor 20 of power module 1 1 1D, and is 
equipped with the electrode 31 for capacitors, and the dielectric 33 for capacitors so that it may 
understand, if drawin g 26 is compared with drawin g 24 as stated above. In detail, the dielectric 33 
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for capacitors meets principal plane 2CS2 of heat sink 2C, is arranged, and is inserted by heat 
sink 2B and the electrode 31 for capacitors. Thereby, it is with heat sink 2B, the dielectric 33 for 
capacitors, and the electrode 31 for capacitors, with the capacitor 30 of an above-mentioned 
monotonous form is constituted. And like power module 1 1 1D, the cylindrical electrode 61 of 
power module 1 1 2D pierces through heat sink 2C and the dielectric 33 for capacitors, extends, 
and is electrically connected with the electrode 31 for capacitors. Other composition is the same 
as that of power module 1 1 1 D. For this reason, the same effect as power module 1 1 1 D can be 
acquired. 

[01 17] Moreover, in power module 1 12D, it will be caught if diode 1A and IGBT1B are arranged 
on the rear-face electrode of a capacitor 30, and the same effect as the power module 1 1 2 can 
be acquired. 

[01 1 8] The ** type view of power module 1 1 1 E concerning the gestalt 1 1 of the operation to 
<gestalt 1 1 of operation> drawing 28 - drawing 30 is shown. In addition, since it is based on 
above-mentioned power module 1 1 1D, and in order that power module 1 1 1E may avoid 
complicated-ization of a drawing, it omits illustration-ization of some wires 7 in drawin g 28 , and 
is omitting illustration-ization of Electrodes 60U and 60V and 60W grade by drawing 29 and 
drawing 30 again. 

[01 19] To all of diode 1 A and IGBT1B being arranged on one principal plane 2CS1 of heat sink 
2C, by power module 1 1 1E, diode 1A and IGBT1B distribute to principal plane 2CS1 of heat sink 
2C, and surface 20S1 of a capacitor 20, and are arranged at above-mentioned module 1 1 1D. 
[0120] Diode 1A and IGBT1B which accomplish the lower arm of a power converter in detail on 
principal plane 2CS1 of heat sink 2C which has conductivity are arranged soon (refer to drawing 

29 ). And the surface electrodes of concerned diode 1A and IGBT1B are connected, on the other 
hand, the insulating substrate 5 is arranged on surface 20S1 of a capacitor 20 (detailed — a 
surface electrode top), and diode 1A and IGBT1B which accomplish the upper arm of a power 
converter on the conductive layer 6 of an insulating substrate 5 are arranged (refer to drawing 

30 ) The surface electrode of diode 1 A on an insulating substrate 5 and IGBT1B is connected to 
heat sink 2C. 

[0121] Furthermore, the rear-face electrode of IGBT1B of an upper arm, the conductive layer 6 
through which it flows, and the surface electrode of IGBT1B of a lower arm are connected, and 
the arm of a power converter is accomplished (refer to wiring 7B). The above-mentioned node in 
three arms accomplishes Electrodes 60U, 60V, and 60W. The same effect as power module 1 1 1 D 
is acquired by power module 1 1 1 E. 

[0122] In addition, in power module 1 1 1E, heat sink 2C is connected to a low voltage side, and 
the surface electrode of a capacitor 20 is connected to a high potential side. Although 
illustration-ization to drawing 28 - drawing 30 is omitted at this time, electric power may be 
supplied by the coaxial line (refer to drawing 25 ) which has the same topology as power module 
1 1 1D, and, in this case, an electrode 61 hits [ an electrode 62 ] in "the 1st electrode" at "the 
2nd electrode." 

[0123] Moreover, you may change the capacitor 20 of power module 1 1 1E into the dielectric 33 
for capacitors, and the electrode 31 for capacitors like the relation between above-mentioned 
power module 1 1 1 D and power module 1 1 2D. 

[0124] The typical external view of the power module 201 concerning the form 12 of the 
operation to <form 12 of operation> drawin g 31 is shown. The power module 201 is equipped with 
the insulating case 202 which has two crevice (space) 202K. Heat sink 2B by which direct 
attachment of heat sink 2B by which direct attachment of the diode 1 A was carried out, and the 
IGBT1B was carried out into each crevice 202K of a case 202 is arranged in by turns, and is 
contained by one train. In addition, in drawing 31 , illustration-ization of connection of diode 1 A 
and IGBT1B is omitted. 

[0125] Under the present circumstances, in each crevice 202K, each heat sink 2B leaves a 
crevice 203, it is arranged, and the sense of each heat sink 2B or breakthrough 2BH is set that 
between each crevice 203 is spatially connected by breakthrough 2BH of heat sink 2B. moreover 
— each — heat sink 2B and the size of crevice 202K are specified so that any crevices other 
than crevice 203 may not be made between the inside of crevice 202K, and heat sink 2B 
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[0126] In each crevice 202K, the crevice 203 is established in the ends of the list of heat sink 
2B, and the hole connected with each crevice 203 concerned is formed in each case 202. and — 
each — piping 2B J is connected to the hole of one way each of crevice 202K, respectively, the 
hole of each another side is mutually connected by piping 2B J, and crevice 202K comrades are 
connected 

[0127] the insulating lid (not shown) which is a part of case 202 covers a crevice 203 — having 
— getting down — thereby — both — so to speak, crevice 202K accomplish the space of 1 
continuation For this reason, by the power module 201, a refrigerant can be slushed from one 
hole of above-mentioned one [ of crevice 202K ], and a refrigerant can be poured in both crevice 
202K. Since both the case 202 and the above-mentioned lid are insulation at this time, if an 
insulating refrigerant is used, for example, between each heat sink 2B can be insulated (insulating 
connection). In addition, liquids, such as gases, such as 6 air, sulfur, etc. fluoride (SF6), and an 
oil, FURORINA, are mentioned as an insulating refrigerant. Moreover, if a conductive refrigerant 
is used, for example, conductive heat sink 2Bs can be set as this potential (electric conduction 
connection). Moreover, insulating heat sink 2B and conductive heat sink 2B are combined, and if 
a conductive refrigerant is used, electric conduction connection only of the desired conductive 
heat sink 2B can be carried out. 

[0128] Now, diode 1A and/or IGBT1B may be arranged on heat sink 2B through an insulating 
substrate 5, and even if it is the case where conductive heat sink 2B is used in this case, 
desired diode 1A and/or desired IGBT1B can be insulated from others. Conversely, if it says, an 
insulating substrate 5 can be made unnecessary by the conductivity/insulation of heat sink 2B 
as mentioned above. In addition, you may arrange two or more power semiconductor devices on 
one heat sink 2B. 

[0129] As mentioned above, since each heat sink 2B leaves a crevice 203 and is put in order, a 
refrigerant passes breakthrough 2BH narrower than a crevice 203 and a crevice 203 by turns. If 
it puts in another way when a refrigerant passes along breakthrough 2BH at this time, when it 
passes along the lower part of diode 1 A which is a heating element, and IGBT1B, a refrigerant 
flows quickly rather than the time of passing along a crevice 203. Thereby, the cooling effect can 
be increased. On the other hand, since the flow of the refrigerant in the crevice section 203 is 
later than it in breakthrough 2BH, pressure loss can be suppressed. Therefore, according to the 
power module 201, it is lower pressure loss, with a higher cooling performance can be realized. 
[0130] Moreover, if it puts in another way, even if it will be the case where diode 1A and/or 
IGBT1B are soon arranged on conductive heat sink 2B, without using an insulating substrate 5 
by using an insulating refrigerant as mentioned above, each power semiconductor device can be 
insulated mutually. For this reason, only the part of an insulating substrate 5 can cut down part 
mark by using an insulating refrigerant. Furthermore, since each heat sink 2B which carried diode 
1A and/or IGBT1B is an outline EQC, respectively, the manufacturing cost and price of the 
whole power module can be reduced. 

[0131] Furthermore, it originates in each above-mentioned power semiconductor device being 
insulated mutually, and each power semiconductor device can be soon arranged on conductive 
heat sink 2B. Therefore, the heat dissipation performance of a power module can be improved, 
consequently reliability can be raised. 

[0132] The typical external view of the power module 1 14 concerning the form 13 of the 
operation to <form 1 3 of operation> drawing 32 is shown. As shown in drawing 32 , the power 
module 1 1 4 is further equipped with the shunt resistance 90 for amperometries to the power 
module 1 13 shown in drawing 22 as stated above. In detail, the shunt resistance 90 is directly 
connected to the outgoing end of Electrodes 60U, 60V, and 60W, respectively, and each shunt 
resistance 90 has accomplished each output terminal of a power converter. 
[0133] Since current is measured by shunt resistance by the power module 1 14, it differs in 
current transformer 92P used in the conventional power module 101P grade, and a control power 
source is unnecessary and there is no offset theoretically. 

[0134] Moreover, since it connects with the outgoing end of Electrodes 60U, 60V, and 60W 
directly, as compared with the conventional power module 101 grade by which current 
transformer 92P are separately prepared out of the case, the shunt resistance 90 can form the 
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whole power module into small lightweight, and can cut down the mark of the parts for current 
measurement. 

[0135] The typical external view of power module 1 14A concerning the modification 1 of the 
form 1 3 of the operation to <modification 1 of form 1 3 of operation> drawing 33 is shown. Each 
shunt resistance 90 of power module 1 14A is formed in the position which meets surface 2BS of 
heat sink 2B, and is directly connected with each electrodes 60U, 60V, and 60W so that it may 
understand, if drawing 33 is compared with above-mentioned drawing 32 . 

[0136] According to power module 1 14A, the temperature rise of the shunt resistance 90 can be 
suppressed by operation of a heat sink 90. For this reason, property change of the shunt 
resistance resulting from the temperature change can be suppressed sharply, consequently the 
detection precision of the amount of current can be improved further. Moreover, since the shunt 
resistance 90 is arranged above heat sink 2B, as compared with the above-mentioned power 
module 114, it can miniaturize further. 
[0137] 

[Effect of the Invention] (1) According to invention concerning a claim 1, direct attachment of 
the 1st power semiconductor device and capacitor both is carried out on the heat sink. For this 
reason, both can form a power module into small lightweight rather than the conventional power 
module formed separately. Moreover, since not only generation of heat of the 1st power 
semiconductor device but the temperature rise of a capacitor can be suppressed by heat 
dissipation operation of a heat sink, miniaturization of a capacitor, reduction in an inductance, 
and reinforcement can be attained. 

[0138] Furthermore, since direct attachment of the 1st power semiconductor device and 
capacitor both is carried out on the heat sink, it can be made shorter than the conventional 
power module above-mentioned [ the length of the wiring which connects between both ]. For 
this reason, a circuit inductance can be reduced. Therefore, the jumping voltage (overshoot) 
produced at the time of the switching operation of the 1st power semiconductor device can be 
reduced, consequently pressure-proofing and loss of the 1st of a power semiconductor device 
can be reduced, moreover, a wire length — short — a bird clapper — originating — 
electromagnetism — generating of a noise can be reduced 

[0139] therefore, small — it is lightweight and a reliable power module can be offered 
[0140] (2) According to invention concerning a claim 2, since the 1st power semiconductor 
device and capacitor are arranged on the front face where heat sinks differ, they can form a 
power module into small lightweight further as compared with the case where both are stationed 
on the same front face. Moreover, since interference with heat dissipation of the 1st power 
semiconductor device and heat dissipation of a capacitor decreases, heat dissipation nature can 
be improved. 

[0141] (3) According to invention concerning a claim 3, the refrigeration capacity of a heat sink 
can be further improved by pouring a refrigerant to the passage of a heat sink. 
[0142] (4) According to invention concerning a claim 4, since a heat sink has conductivity, a heat 
sink can be used as an electrode. For this reason, part mark, such as wiring on a heat sink, and 
the formation process of that are reducible, for example. 

[0143] Furthermore, the electrode of the 1st power semiconductor device and the electrode of a 
capacitor have pasted up soon with the heat sink. That is, the 1st power semiconductor device 
and capacitor are electrically connected through the heat sink. For this reason, electrical 
installation between two electrodes can be further shortened rather than the case where 
between two electrodes is connected with wiring of a wire etc. consequently, by further 
reduction of a circuit inductance, the above-mentioned jumping voltage (overshoot) etc. can be 
boiled markedly, and can be reduced 

[0144] (5) According to invention concerning a claim 5, the 2nd power semiconductor device is 
arranged on the heat sink through the insulating substrate. For this reason, on a conductive heat 
sink, the power semiconductor device from which potential differs can be arranged, and a circuit 
can be constituted. 

[0145] (6) According to invention concerning a claim 6, it has further the 2nd power 
semiconductor device arranged on other heat sinks. For this reason, combination can constitute 
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a circuit for the 1st power semiconductor device and 2nd power semiconductor device easily. 
[0146] (7) According to invention concerning a claim 7, the potential of the 1st power 
semiconductor device and the 2nd power semiconductor device can be changed, without using 
an insulating substrate, since other conductive heat sinks are insulated from the above- 
mentioned conductive heat sink and the electrode of a capacitor by insulating member. For this 
reason, only the part of an insulating substrate can cut down part mark. Furthermore, since the 
composition containing the 1st power semiconductor device and heat sink and the composition 
containing the 2nd power semiconductor device and heat sink are outline EQCs, the 
manufacturing cost of the whole power module can be reduced. Consequently, a cheap power 
module can be offered. 

[0147] (8) According to invention concerning a claim 8, the 1st power semiconductor device and 
2nd power semiconductor device are electrically connected by the flexible wiring which makes 
conductive member arranged on insulating member the point acting as intermediary, for example, 
a wire. For this reason, through the above-mentioned conductive member, as compared with the 
case where it connects electrically, the wiring concerned bends between both power 
semiconductor devices in flexible wiring, or a lappet can be pressed down directly. Consequently, 
the short circuit by the lappet of wiring can be prevented. 

[0148] (9) According to invention concerning a claim 9, direct attachment of the 1st power 
semiconductor device is carried out on the electrode of a capacitor. For this reason, both can 
form a power module into small lightweight rather than the conventional power module formed 
separately. Moreover, not only generation of heat of the 1st power semiconductor device but the 
temperature rise of a capacitor can be suppressed by heat dissipation operation of the heat sink 
concerned by using the electrode of a capacitor as a heat sink. 

[0149] Furthermore, since direct attachment of the 1st power semiconductor device is carried 
out on the electrode of a capacitor, it can shorten sharply rather than the conventional power 
module above-mentioned [ the electrical installation between both ]. Thereby, a circuit 
inductance can be reduced. Therefore, the jumping voltage (overshoot) produced at the time of 
the switching operation of the 1st power semiconductor device can be reduced, consequently 
pressure-proofing and loss of the 1st of a power semiconductor device can be reduced, 
moreover, a wire length — short — a bird clapper — originating — electromagnetism — 
generating of a noise can be reduced 

[0150] therefore, small — it is lightweight and a reliable power module can be offered 
[0151] (10) According to invention concerning a claim 10, the refrigeration capacity of a power 
module can be further improved by pouring a refrigerant to the passage which the electrode of a 
capacitor has. 

[0152] (1 1) According to invention concerning a claim 1 1, the 2nd power semiconductor device is 
arranged on the electrode of a capacitor through the insulating substrate. For this reason, on the 
electrode of a capacitor, the power semiconductor device from which potential differs can be 
arranged, and a circuit can be constituted. 

[0153] (12) According to invention concerning a claim 12, a reliable power converter can be 
offered. 

[0154] (13) According to invention concerning a claim 13, two or more arms of a power 
converter enclose a coaxial line, and are arranged by abbreviation regular intervals on the 
concentric circle. For this reason, since wiring between the 1st electrode and the 2nd electrode, 
and each arm can be formed similarly, while being able to make small dispersion in each output 
taken out from each arm, since change by the side of the 1st voltage can be made small, it can 
be made strong to a malfunction. 

[0155] (14) According to invention concerning a claim 14, two or more heat sinks form the space 
of the 1 continuation which consists of a crevice and the passage of a heat sink in the space of 
a case. Since the rate of flow of a refrigerant is made quick and the thing of it can be carried out 
at this time [ case / where a crevice is flowed ] in case a refrigerant flows the passage of a heat 
sink, the high cooling performance of a heat sink can be obtained. On the other hand, in case a 
refrigerant flows a crevice, pressure loss of a refrigerant can be made smaller than the case 
where the above-mentioned passage is flowed. That is, it is lower pressure loss, with a higher 
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cooling performance can be realized. 

[0156] (15) If it puts in another way, even if it will be the case where a power semiconductor 
device is soon arranged on a conductive heat sink, without using an insulating substrate since 
the refrigerant poured in the passage of a heat sink is insulation according to invention 
concerning a claim 15, each power semiconductor device can be insulated mutually. For this 
reason, only the part of an insulating substrate can cut down part mark. Furthermore, since the 
composition containing a power semiconductor device and a heat sink is an outline EQC, 
respectively, the manufacturing cost of the whole power module can be reduced. Consequently, 
a cheap power module can be offered. 

[0157] Moreover, it originates in each above-mentioned power semiconductor device being 
insulated mutually, and each power semiconductor device can be soon arranged on a conductive 
heat sink. Therefore, the heat dissipation performance of a power module can be improved and a 
reliable power module can be offered. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[The technical field to which invention belongs] This invention relates mainly to the technology 
which raises the cooling performance of a power module about a power module. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] The 1st conventional typical external view of power module 101P 
is shown in drawing 34 . In power module 101P f copper base board 9P are arranged through 
heat-conduction grease (not shown) on radiation-fin or heat sink 2P, and insulating-substrate 5P 
are arranged on base board 9P. Furthermore, freewheeling-diode (it is also only hereafter called 
diode) 1 AP and insulated-gate mold bipolar transistor (referred to also as IGBT below Insulated 
Gate Bipolar Transistor;) 1 BP are arranged on insulating-substrate 5P. 

[0003] In conventional power module 101P, copper foil 6P are formed in both the principal planes 
of insulating-substrate 5P, and copper foil 6P and base board 9P are soldered, and diode 1 AP 
and IGBT1BP are soldered on copper foil 6P. Furthermore, electrode 3P are prepared through 
insulating-layer 4P on radiation-fin 2P. And predetermined electric connection is made by wire 
7P. In addition, the composition containing radiation-fin 2P, diode 1AP, IGBT1BP, etc. is stored 
in the case (not shown). 

[0004] A bus bar or wiring 91 P are connected to electrode 3P, and bus bar 91 P are pulled out 
besides the above-mentioned case. The current transformer for current detection or current 
transformer 92P are attached out of the case bus bar 91 P. moreover, the object for direct- 
current smooth [ of a cylindrical shape ] — capacitor 8P are prepared separately from radiation- 
fin 2P grade out of the case (illustration-ization of the topology is omitted) 

[0005] The 2nd conventional typical external view of power module 102P is shown in drawing 35 . 
Power module 102P do not have above-mentioned base board 9P, but insulating-substrate 5P 
are arranged on radiation-fin 2P through heat-conduction grease. The structure of others of 
power module 102P is the same as that of above-mentioned power module 101 P. 
[0006] The 3rd conventional typical external view of power module 103P is shown in drawing 36 . 
Power module 103P are the so-called power converter. In power module 103P, all diode 1APs 
and IGBT1BP(s) are arranged on insulating-substrate 5P. In addition, heat sink 2B[ of power 
module 103P ] P has breakthrough 2BHP, and a refrigerant is poured by this breakthrough 2BHP. 
The structure of others of power module 103P is the same as that of above-mentioned power 
module 1 01 P fundamentally. 



[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] (1) According to invention concerning a claim 1, direct attachment of 
the 1 st power semiconductor device and capacitor both is carried out on the heat sink. For this 
reason, both can form a power module into small lightweight rather than the conventional power 
module formed separately. Moreover, since not only generation of heat of the 1st power 
semiconductor device but the temperature rise of a capacitor can be suppressed by thermolysis 
operation of a heat sink, miniaturization of a capacitor, reduction in an inductance, and 
reinforcement can be attained. 

[0138] Furthermore, since direct attachment of the 1st power semiconductor device and 
capacitor both is carried out on the heat sink, it can be made shorter than the conventional 
power module above-mentioned [ the length of the wiring which connects between both ]. For 
this reason, a circuit inductance can be reduced. Therefore, the jumping voltage (overshoot) 
produced at the time of the switching operation of the 1 st power semiconductor device can be 
reduced, consequently pressure-proofing and loss of the 1 st of a power semiconductor device 
can be reduced, moreover, a wire length — short — a bird clapper — originating — 
electromagnetism — generating of a noise can be reduced 

[0139] therefore, small — it is lightweight and a reliable power module can be offered 
[0140] (2) According to invention concerning a claim 2, since the 1st power semiconductor 
device and capacitor are arranged on the front face where heat sinks differ, they can form a 
power module into small lightweight further as compared with the case where both are stationed 
on the same front face. Moreover, since interference with thermolysis of the 1 st power 
semiconductor device and thermolysis of a capacitor decreases, thermolysis nature can be 
improved. 

[0141] (3) According to invention concerning a claim 3, the refrigeration capacity of a heat sink 
can be further improved by pouring a refrigerant to the passage of a heat sink. 
[0142] (4) According to invention concerning a claim 4, since a heat sink has conductivity, a heat 
sink can be used as an electrode. For this reason, part mark, such as wiring on a heat sink, and 
the formation process of that are reducible, for example. 

[0143] Furthermore, the electrode of the 1st power semiconductor device and the electrode of a 
capacitor have pasted up soon with the heat sink. That is, the 1st power semiconductor device 
and capacitor are electrically connected through the heat sink. For this reason, electrical 
installation between two electrodes can be further shortened rather than the case where 
between two electrodes is connected with wiring of a wire etc. consequently, by further 
reduction of a circuit inductance, the above-mentioned jumping voltage (overshoot) etc. can be 
boiled markedly, and can be reduced 

[0144] (5) According to invention concerning a claim 5, the 2nd power semiconductor device is 
arranged on the heat sink through the insulating substrate. For this reason, on a conductive heat 
sink, the power semiconductor device from which potential differs can be arranged, and a circuit 
can be constituted. 

[0145] (6) According to invention concerning a claim 6, it has further the 2nd power 
semiconductor device arranged on other heat sinks. For this reason, combination can constitute 
a circuit for the 1st power semiconductor device and 2nd power semiconductor device easily. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2003/12/03 



2/3 v 



[0146] (7) According to invention concerning a claim 7, the potential of the 1st power 
semiconductor device and the 2nd power semiconductor device can be changed, without using 
an insulating substrate, since other conductive heat sinks are insulated from the above- 
mentioned conductive heat sink and the electrode of a capacitor by insulating member. For this 
reason, only the part of an insulating substrate can cut down part mark. Furthermore, since the 
composition containing the 1st power semiconductor device and heat sink and the composition 
containing the 2nd power semiconductor device and heat sink are profile EQCs, the 
manufacturing cost of the whole power module can be reduced. Consequently, a cheap power 
module can be offered. 

[0147] (8) According to invention concerning a claim 8, the 1st power semiconductor device and 
2nd power semiconductor device are electrically connected by the flexible wiring which makes 
conductive member arranged on insulating member the point acting as intermediary, for example, 
a wire. For this reason, through the above-mentioned conductive member, as compared with the 
case where it connects electrically, the wiring concerned bends between both power 
semiconductor devices in flexible wiring, or a lappet can be pressed down directly. Consequently, 
the short circuit by the lappet of wiring can be prevented. 

[0148] (9) According to invention concerning a claim 9, direct attachment of the 1st power 
semiconductor device is carried out on the electrode of a capacitor. For this reason, both can 
form a power module into small lightweight rather than the conventional power module formed 
separately. Moreover, not only generation of heat of the 1 st power semiconductor device but the 
temperature rise of a capacitor can be suppressed by thermolysis operation of the heat sink 
concerned by using the electrode of a capacitor as a heat sink. 

[0149] Furthermore, since direct attachment of the 1st power semiconductor device is carried 
out on the electrode of a capacitor, it can shorten sharply rather than the conventional power 
module above-mentioned [ the electrical installation between both ]. Thereby, a circuit 
inductance can be reduced. Therefore, the jumping voltage (overshoot) produced at the time of 
the switching operation of the 1st power semiconductor device can be reduced, consequently 
pressure-proofing and loss of the 1st of a power semiconductor device can be reduced, 
moreover, a wire length — short — a bird clapper — originating — electromagnetism — 
generating of a noise can be reduced 

[0150] therefore, small — it is lightweight and a reliable power module can be offered 
[0151] (10) According to invention concerning a claim 10, the refrigeration capacity of a power 
module can be further improved by pouring a refrigerant to the passage which the electrode of a 
capacitor has. 

[0152] (1 1) According to invention concerning a claim 1 1, the 2nd power semiconductor device is 
arranged on the electrode of a capacitor through the insulating substrate. For this reason, on the 
electrode of a capacitor, the power semiconductor device from which potential differs can be 
arranged, and a circuit can be constituted. 

[0153] (12) According to invention concerning a claim 12, a reliable power converter can be 
offered. 

[0154] (13) According to invention concerning a claim 13, two or more arms of a power 
converter enclose a coaxial line, and are arranged by abbreviation regular intervals on the 
concentric circle. For this reason, since wiring between the 1 st electrode and the 2nd electrode, 
and each arm can be formed similarly, while being able to make small dispersion in each output 
taken out from each arm, since change by the side of the 1st voltage can be made small, it can 
be made strong to a malfunction. 

[0155] (14) According to invention concerning a claim 14, two or more heat sinks form the space 
of the 1 continuation which consists of a crevice and the passage of a heat sink in the space of 
a case. Since the rate of flow of a refrigerant is made quick and the thing of it can be carried out 
at this time [ case / where a crevice is flowed ] in case a refrigerant flows the passage of a heat 
sink, the high cooling performance of a heat sink can be obtained. On the other hand, in case a 
refrigerant flows a crevice, pressure loss of a refrigerant can be made smaller than the case 
where the above-mentioned passage is flowed. That is, it is lower pressure loss, with a higher 
cooling performance can be realized. 
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[0156] (15) If it puts in another way, even if it will be the case where a power semiconductor 
device is soon arranged on a conductive heat sink, without using an insulating substrate since 
the refrigerant poured in the passage of a heat sink is insulation according to invention 
concerning a claim 15, each power semiconductor device can be insulated mutually. For this 
reason, only the part of an insulating substrate can cut down part mark. Furthermore, since the 
composition containing a power semiconductor device and a heat sink is an outline EQC, 
respectively, the manufacturing cost of the whole power module can be reduced. Consequently, 
a cheap power module can be offered. 

[0157] Moreover, it originates in each above-mentioned power semiconductor device being 
insulated mutually, and each power semiconductor device can be soon arranged on a conductive 
heat sink. Therefore, the heat dissipation performance of a power module can be improved and a 
reliable power module can be offered. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The conventional power modules 101P-103P have 
the following troubles. First, there is a trouble that the reliability over the temperature at the 
time of operation is low. 

[0008] In detail, when coefficient of thermal expansion with heat sink 2AP, 2BP and diode 1AP, 
and IGBT1BP differs, in an above-mentioned soldering portion, the thermal stress according to 
the temperature gradient from the congealing point of solder occurs. For this reason, the trouble 
that a crack occurs and advances is in a soldering portion according to the heat cycle by the 
repeat of the heat cycle (or temperature cycle) and/or the use, and a halt at the time of use of 
the power modules 101P-103P (at the time of operation). The crack of such a soldering portion 
will contract the life of a power module. 

[0009] At this time, in order to make above-mentioned thermal stress small, it is possible to 
thicken solder (for example, 300 micrometers or more). However, by such thickness, the thermal 
resistance between diode 1AP, etc. and heat sink 2AP and 2BP becomes large, and the separate 
problem that heat sink 2AP and 2BP must be enlarged is caused. 

[0010] Furthermore, by the conventional power modules 101P-103P, if temperature distribution 
arise in insulating-substrate 5P or base board 9P grade by generation of heat of diode 1 AP etc., 
curvature and a wave will occur in insulating-substrate 5P grade. At this time, when a 
temperature gradient is large, a crevice is formed between radiation-fin 2P and base board 9P 
etc. For this reason, between radiation-fin 2P, insulating-substrate 5P, or base board 9P is no 
longer filled with heat-conduction grease (air entering), and there is a trouble that heat transfer 
will fall. Moreover, or the crack initiation of an above-mentioned soldering portion is promoted, 
there is a trouble that a crack advances. Formation of this crevice will reduce the reliability of a 
power module. 

[001 1] In order to make it not generate an above-mentioned crevice, the temperature 
distribution for example, within insulating-substrate 5P grade can be equalized, or it is possible 
to thicken insulating-substrate 5P grade and to increase rigidity. However, if insulating-substrate 
5P grade is thickened, the thermal resistance between insulating-substrate 5P grade, and heat 
sink 2AP and 2BP will become large, and the separate problem that heat sink 2AP and 2BP must 
be enlarged also in this case is caused. 

[0012] Furthermore, since the property of an element is changed by the temperature rise when 
diode 1 AP and the calorific value of IGBT1BP are large, in order to secure reliability, there is a 
trouble that the amount of current must be restricted. 

[0013] Furthermore, by the conventional power modules 101P-103P, since current transformer 
92P and capacitor 8P of a cylindrical shape are separately prepared out of the case of a power 
module, there is a trouble that the whole module is large-sized. Moreover, the property of 
current transformer 92P will be enlarged when the current to measure contains many dc 
components, and according to current transformer 92P, measurement will be performed including 
the measurement error (about 5%) resulting from the property change by generation of heat. 
[0014] Moreover, in power module 103P, the distance of electrode 62P connected to an 
electrode 61 P connected to low voltage side by arrangement position of each power 
semiconductor device of diode 1A and IGBT1B in power converter with each power 
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semiconductor device and high potential side differs. For this reason, the inductances of wiring 
of wire 7P grade will differ for every power semiconductor device, consequently output voltage 
will vary. 

[0015] this invention is made in view of this trouble — having — small — it is lightweight and 
sets it as the main purpose to offer a reliable power module 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] (1) The power module concerning invention according to claim 1 
is characterized by having a heat sink, the 1 st power semiconductor device soon arranged on the 
aforementioned heat sink, and the capacitor soon arranged on the aforementioned heat sink. 
[0017] (2) The power module concerning invention according to claim 2 is a power module 
according to claim 1, and the aforementioned heat sink has two or more front faces, and it is 
characterized by arranging the 1st power semiconductor device of the above, and the 
aforementioned capacitor on the aforementioned front face where the aforementioned heat sinks 
differ. 

[0018] (3) The power module concerning invention according to claim 3 is a power module 
according to claim 1 or 2, and the aforementioned heat sink is characterized by having the 
passage of a refrigerant. 

[0019] (4) The power module concerning invention according to claim 4 is a power module 
according to claim 1 to 3, and it is characterized by for the aforementioned heat sink having had 
conductivity and the electrode of the 1st power semiconductor device of the above and the 
electrode of the aforementioned capacitor having pasted it up soon with the aforementioned 
heat sink. 

[0020] (5) The power module concerning invention according to claim 5 is a power module 
according to claim 4, and is characterized by having further the insulating substrate arranged on 
the aforementioned heat sink, and the 2nd power semiconductor device arranged on the 
aforementioned heat sink through the aforementioned insulating substrate. 
[0021] (6) The power module concerning invention according to claim 6 is characterized by 
having the 2nd power semiconductor device arranged soon on the heat sink of a power module 
according to claim 4 and others, and a heat sink besides the above. 

[0022] (7) The power module concerning invention according to claim 7 is a power module 
according to claim 6, the heat sink besides the above had conductivity, the electrode of the 2nd 
power semiconductor device of the above has pasted it up on the heat sink besides the above 
soon, and the aforementioned power module is characterized by having further the insulating 
member which insulates a heat sink besides the above from the aforementioned electrode of the 
aforementioned heat sink and the aforementioned capacitor. 

[0023] (8) The power module concerning invention according to claim 8 is a power module 
according to claim 7, and is characterized by having further the flexible wiring which connects 
electrically between the 1st power semiconductor device of the above, and the 2nd power 
semiconductor device of the above, while connecting with the conductive member arranged on 
the aforementioned insulating member, and the aforementioned conductive member. 
[0024] (9) The power module concerning invention according to claim 9 is characterized by 
having the 1st power semiconductor device arranged soon on the electrode of a capacitor and 
the aforementioned capacitor. 

[0025] (10) The power module concerning invention according to claim 10 is a power module 
according to claim 9, and the aforementioned electrode of the aforementioned capacitor is 
characterized by having the passage of a refrigerant. 

[0026] (1 1) The power module concerning invention according to claim 1 1 is a power module 
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according to claim 9 f and is characterized by having further the insulating substrate arranged on 
the aforementioned electrode of the aforementioned capacitor, and the 2nd power 
semiconductor device arranged on the aforementioned electrode of the aforementioned 
capacitor through the aforementioned insulating substrate. 

[0027] (12) The power module concerning invention according to claim 12 is a claim 5 or a power 
module given in either 8 or 1 1 ? and the 1st power semiconductor device of the above and the 
2nd power semiconductor device of the above are characterized by connecting electrically, for 
the 1 st power semiconductor device of the above accomplishing the lower arm of a power 
converter, arid the 2nd power semiconductor device of the above accomplishing the upper arm 
of the aforementioned power converter. 

[0028] (13) The power module concerning invention according to claim 13 The plurality of the 
arm of the aforementioned power converter which is a power module according to claim 12, and 
contains an above top arm and the bottom arm of the above, The 2nd electrode which supplies 
the 2nd voltage to each 2nd power semiconductor device of the above of the 1 st electrode 
which supplies the 1 st voltage to each 1 st power semiconductor device of the above of each 
bottom arm of the above, and each above top arm is included. It is characterized by having 
further the coaxial line projected and prepared from the arrangement side of the 1 st power 
semiconductor device of the above, or the 2nd power semiconductor device of the above, and 
for two or more aforementioned arms enclosing the aforementioned coaxial line, and being 
arranged by abbreviation regular intervals on a concentric circle. 

[0029] (14) The power module concerning invention according to claim 14 Two or more heat 
sinks with which each has the passage of a refrigerant, and two or more power semiconductor 
devices by which each was carried on the aforementioned heat sink, It is characterized by having 
the case which has the space which can contain two or more aforementioned heat sinks, for two 
or more aforementioned heat sinks opening a crevice mutually into the aforementioned space of 
the aforementioned case, arranging them, and forming the space of the 1 continuation which 
consists of the aforementioned crevice and the aforementioned passage in the aforementioned 
space of the aforementioned case. 

[0030] (15) The power module concerning invention according to claim 15 is a power module 
according to claim 14, and is characterized by pouring an insulating refrigerant in the 
aforementioned passage of the aforementioned heat sink. 
[0031] 

[Embodiments of the Invention] The typical external view of the power module 101 concerning 
the gestalt 1 of the operation to <gestalt 1 of operation> drawing 1 is shown. As shown in 
drawing 1 , the power module 101 is equipped with the power semiconductor device (for example, 
a freewheeling diode and IGBT) 1 formed in the silicon (Si) substrate, heat sink 2A t an electrode 
3, an insulating layer 4, and a wire 7. In addition, in order to avoid complicated-ization of a 
drawing, detailed illustration-ization of a power semiconductor device 1 is omitted. 
[0032] Or especially the power semiconductor device 1 is soon arranged on heat sink 2A, it has 
touched, a power semiconductor device 1 corresponds to both the principal planes of the above- 
mentioned silicon substrate — both — principal plane 1S1 and 1S2 — having — **** — each - 

- the electrode (not shown) is formed in principal plane 1S1 and 1S2, respectively and the 
electrode (it is also hereafter called a rear-face electrode) formed in the rear-face 1 S2 
concerned when one principal plane (it is also hereafter called rear face) 1S2 put in another way 

— the surface 2AS top of the plane of heat sink 2A — for example, it is soldered 

[0033] Here, it is [ "the power semiconductor device 1 is soon arranged on heat sink 2A", and ] 
the meaning of "without it minds insulating-substrate 5P which the conventional power modules 
101P-103P have, and base board 9P (refer to drawing 34 )", and the composition in which the 
charge of a binder for pasting both up between a power semiconductor device 1 and heat sink 
2A (for example, above-mentioned solder) exists is included in the above-mentioned gestalt by 
which "arranging soon" was carried out. In addition, you may use thermally conductive good 
adhesives, such as an epoxy resin containing conductive powder, such as aluminum and silver, 
instead of solder as the above-mentioned charge of a binder. 

[0034] Heat sink 2A contains material with almost equal silicon and coefficient of thermal 
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expansion, for example, a (Molybdenum Mo) copper (Cu)-molybdenum (Mo) alloy, a tungsten (W), 
carbon fiber composite material, etc. Or the aluminum (aluminum) which contained carbon (C) 
and silicon (Si) (as a material with almost equal silicon and coefficient of thermal expansion) is 
applied as heat sink 2A. Heat sink 2A has the fin configuration in the opposite side of surface 
2AS. 

[0035] Furthermore, the insulating layer 4 is arranged on heat sink 2A, and the electrode 3 is 
arranged on the insulating layer 4. That is, an insulating layer 4 insulates and the electrode 3 is 
arranged on heat sink 2A. The electrode 3 and the electrode (it is also hereafter called a surface 
electrode) formed in principal plane (it is also hereafter called front face) 1S1 of another side of 
a power semiconductor device 1 are electrically connected by the wire 7. In addition, you may 
connect electrically an electrode 3 and the surface electrode of a power semiconductor device 1 
by the pressure welding, the electroconductive glue, etc. 

[0036] According to the power module 101, the following effects can be acquired, that is, since 
the coefficient of thermal expansion of a power semiconductor device 1 and heat sink 2A is 
almost equal, it differs in the conventional power modules 101P-103P, and it can boil markedly 
that the crack which originated in the heat cycle at a part for the joint of a power semiconductor 
device 1 and heat sink 2A (soldering portion) occurs, and can suppress For this reason, it differs 
in the conventional power modules 101P-103P, there is no need of thickening solder, and 
thermal resistance between a power semiconductor device 1 and heat sink 2A can be made 
small. Thereby, a heat sink can be formed into small lightweight. 

[0037] Furthermore, since a power semiconductor device 1 and heat sink 2A have touched soon, 
the temperature gradient between a power semiconductor device 1 and heat sink 2A can be 
made small, for this reason, the conventional power modules 101P-103P — differing — even if - 
- the inside of rear-face 1S2 of a power semiconductor device 1 — and/or, even if it is the case 
where temperature distribution arise in surface 2AS of heat sink 2A, or it generates between 
rear-face 1 S2 and surface 2AS, the thermal stress generated in the charge of a binder between 
rear-face 1S2 and surface 2AS is small Thereby, the reliability of a power semiconductor device 
is raised, and according to the power module 101, high reliability can be acquired at a long period 
of time. 

[0038] The typical external view of the power module 102 concerning the gestalt 2 of the 
operation to <gestalt 2 of operation> drawing 2 is shown. As shown in drawin g 2 , the power 
module 102 is equipped with freewheeling-diode 1 A as a power semiconductor device 1 as 
stated above and IGBT1 B, heat sink 2A, an electrode 3, an insulating layer 4, and a wire 7. In 
addition, it stops to give the same sign to a thing equivalent to a component as stated above, 
and use the explanation for. 

[0039] freewheeling-diode 1 A — previous statement — each — it has surface 1AS1 
corresponding to surface 1S1 and rear-face 1S2 and rear-face 1AS2, and a surface electrode 
and a rear-face electrode (not shown) the same — IGBT1B — previous statement — each — it 
has surface 1BS1 corresponding to surface 1S1 and rear-face 1S2 and rear-face 1BS2, and a 
surface electrode and a rear-face electrode (not shown) 

[0040] Especially heat sink 2A of the power module 102 consists of the copper-molybdenum 
alloy of the material which has conductivity, for example, an above-mentioned material, etc. And 
diode 1A and IGBT1B make rear-face 1AS2 and 1BS2 meet surface 2AS of heat sink 2A, and 
are soon arranged on heat sink 2A. Diode 1 A and IGBT1B are pasted up by the charge of a 
binder which has conductivity, for example, solder, on heat sink 2A. Thereby, both the rear-faces 
electrode of diode 1A and IGBT1B is electrically connected through solder and conductive heat 
sink 2A. On the other hand, the surface electrode of diode 1A, the surface electrode of IGBT1B, 
and the electrode 3 are electrically connected by the wire 7. 

[0041] Thus, by the power module 102, since heat sink 2A has conductivity (i.e., since heat sink 
2A works as an electrode), the number of an electrode 3 and an insulating layer 4 can be cut 
down, and a power module can be formed into small lightweight. 

[0042] In addition, heat sink 2A of the power module 102 has lobe 2AT which continues from 
surface 2AS, and the insulating layer 4 and the electrode 3 have extended also on lobe 2AT. 
Thereby, the electrode 3 on lobe 2AT of conductive heat sink 2A and lobe 2AT can be used as a 
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terminal of the power module 1 02. 

[0043] In addition, although the power module 102 is applied to the circuitry from which each 
rear-face electrode of two or more power semiconductor devices mainly serves as the same 
potential two or more power semiconductor devices from which the potential of a rear-face 
electrode differs can be carried by preparing the insulating substrate (equivalent to conventional 
insulating-substrate 5P (referring to drawing 34 )) which has conductive layers, such as copper 
foil, between heat sink 2A and a power semiconductor device 1. 

[0044] The typical external view of the power module 103 concerning the form 3 of the operation 
to <form 3 of operation> drawin g 3 is shown. As shown in drawing 3 , the power module 103 has 
the composition with which two power modules 102 were combined and united through insulating 
member 10. An epoxy resin, injection-molding plastics, etc. are applicable as insulating member 
10. 

[0045] By the power module 103, it extends to the power module 102 side of another side 
mutually, and connects with heat sink 2A of the power module 1 02 of the another side 
concerned electrically, for example, the electrode 3 of each power module 102 is soldered (lobe 
3T reference). 

[0046] Since according to the power module 103 two power modules 102 are prepared 
beforehand and a circuit is constituted combining these, a module can be formed easily. Since 
the power module 102 by which small lightweight-ization was promoted is used at this time, the 
power module 103 also turns small lightweight. In addition, you may combine three or more power 
modules 102. 

[0047] In addition, you may connect directly between diode 1A and heat sink 2A with a wire 7 
through an electrode 3, for example. In this case, electrode 3 grade is further reducible. 
[0048] The typical external view of the power module 104 concerning the form 4 of the operation 
to <form 4 of operation> drawin g 4 is shown. As shown in drawing 4 , the power module 104 is 
equipped with freewheeling-diode 1A, IGBT1B, conductive heat sink 2B, an electrode 3, an 
insulating layer 4, and a wire 7. 

[0049] Heat sink 2B consists of the same material as above-mentioned conductive heat sink 2A, 
and has surface 2BS of the plane corresponding to the above-mentioned surface 2AS. And diode 
1A, IGBT1B, and the insulating layer 4 are arranged on the surface 2BS concerned. 
[0050] Especially heat sink 2B of the power module 104 has two breakthrough (passage of 
refrigerant) 2BH as passage of a refrigerant. From surface 2BS, each breakthrough 2BH is put in 
order and prepared in it in drawin g 4 at the longitudinal direction, if it puts in an of-the-same- 
grade remote position in another way. Moreover, each breakthrough 2BH is formed so that the 
lower part of diode 1A and IGBT1B may be passed. In addition, breakthrough 2BH may be one or 
three or more. 

[0051] By the power module 104, by pouring liquids, such as gases, such as 6 refrigerant, for 
example, air, and sulfur fluoride (SF6) and carbon dioxide gas, and water, an oil, FURORINA, to 
breakthrough 2BH, heat sink 2B is followed and diode 1A and IGBT1B are cooled compulsorily. 
Thereby, refrigeration capacity can be raised sharply, consequently, a limit of the amount of 
current currently made in order to secure reliability like the conventional power modules 101P- 
103P — relief — or — it can cancel — moreover, a heat sink — therefore, a power module can 
be formed into small lightweight 

[0052] The typical external view of power module 104A concerning the modification 1 of the 
form 4 of the operation to <modification 1 of form 4 of operation> drawin g 5 is shown. As shown 
in drawin g 5 , it had two above-mentioned power modules 104, breakthrough 2BH of heat sink 2B 
was connected by piping 2BJ, and both the power module 104 has connected power module 
104A. 

[0053] If it puts in another way when setting (i) both heat sink 2B as this potential at this time, 
in setting rear-face electrodes, such as diode 1A on both heat sink 2B, as this potential In 
insulating between both heat sink 2Bs to (ii) reverse at least at one side of piping and a 
refrigerant using conductive material and matter (it is hereafter called electric conduction 
connection) If it puts in another way, in insulating comrades, such as diode 1 A on both heat sink 
2B, it uses insulating material and matter for the both sides of piping and a refrigerant (it is 
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hereafter called insulating connection). 

[0054] If insulating-substrate 5P (and copper foil 6P) (refer to drawin g 34 ) of previous 
statement are prepared between heat sink 2B, diode 1 A, etc. even if it is the case where 
conductive material and matter are used at least for one side of piping and a refrigerant like the 
above (iii) (i) at this time, diode 1 A etc. can be insulated between both heat sink 2Bs like the 
above (ii). Conversely, if it says, according to above-mentioned electric conduction connection 
and above-mentioned insulating connection, it is not necessary to use insulating-substrate 5P 
grade. 

[0055] In addition, three or more power modules 104 may be connected for Piping BJ, and power 
module 104A may be constituted. In electric conduction connection, at this time, the pump (not 
shown) for pouring a refrigerant is formed for every group by making into one group two or more 
power modules 104 set as this potential. On the other hand, what is necessary is just to form 
one pump to the whole power module 104A in insulating connection. 

[0056] The typical external view of power module 104B concerning the modification 2 of the 
form 4 of the operation to <modification 2 of form 4 of operation> drawin g 6 is shown. By power 
module 104B, as shown in drawing 6 , if two breakthrough 2BH changes and puts the distance 
from surface 2BS in another way, in drawin g 6 , it arranges up and down and is formed. 
[0057] Like above-mentioned power module 104A, each breakthrough 2BH of two or more power 
module 104B may be connected by piping 2BJ, and a circuit may be constituted (refer to drawing 
7 ). At this time, it reaches in upper breakthrough 2BH and lower breakthrough 2BH is connected 
by piping 2BJ, respectively. By piping so that it may flow, a refrigerant may be turned up after 
that from upper breakthrough 2BH near diode 1A and IGBT1B and it may flow to lower 
breakthrough 2BH especially, as compared with the above-mentioned power module 104, the 
temperature gradient of the refrigerant in each heat sink 2B is absorbed, and more uniform 
refrigeration capacity is obtained. 

[0058] The typical external view of power module 104C concerning the modification 3 of the 
form 4 of the operation to <modification 3 of form 4 of operation> drawin g 8 is shown. As shown 
in drawing 8 , power module 104C is equipped with the two above-mentioned power modules 104, 
and both the power module 104 is arranged in contact with surface 2BS of heat sink 2B in the 
front faces of an opposite side. 

[0059] The typical external view of power module 104D concerning the modification 4 of the 
form 4 of the operation to <modification 4 of form 4 of operation> drawin g 9 is shown. As shown 
' n drawing 9 , power module 104D is equipped with the two above-mentioned power modules 104, 
and both the power module 1 04 is accumulated up and down through the supporter material 1 5. 
this time — (i) — if conductive members, such as a metal, are used for at least one supporter 
material 15 — both heat sink 2B — this potential — it can set up — (ii) — if insulating member, 
such as a resin, is used for all the supporter material 15, between both heat sink 2Bs can be 
insulated 

[0060] The typical external view (a plan and side elevation) of the power module 105 applied to 
the form 5 of operation at <form 5 of operation> drawin g 10 and drawing 1 1 is shown. In addition, 
drawing 1 1 is omitting illustration-ization of a part of component in drawin g 1 1 , in order to avoid 
complicated-ization of a drawing in the external view at the time of seeing the power module 105 
from the direction of the arrow A in drawing 10 . Moreover, typical drawing of longitudinal section 
of the power module 1 05 is shown in drawing 12 . 

[0061] The power module 105 accomplishes the so-called voltage type power converter of a 
three phase circuit. In addition, an inverter and a converter are included with a power converter. 
In a power converter, the upper arm and lower arm which accomplish a pair mutually and form an 
arm are connected in series through an output terminal for every phase, an upper arm is 
connected between output terminals a high potential (it corresponds to 2nd voltage) side, and a 
lower arm is connected between an output terminal and a low voltage (it corresponds to 1 st 
voltage) side (or grounded). That is, the power converter has accomplished the polyphase bridge 
circuit (here three-phase-circuit bridge circuit) in equal circuit. 

[0062] The power module 105 is equipped with heat sink 2C of the cylindrical shape which has 
circular principal plane (front face) 2CS1 which counters, and 2CS2. Heat sink 2C has 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2003/12/03 



6/13 v 



conductivity. 

[0063] Three insulating substrates 50U t 50V, and 50W which consist of a ceramic board are 
arranged on one principal plane 2CS1 of heat sink 2C. Copper foil is formed on both the principal 
planes of each insulating substrates SOU, 50V, and 50W, and insulating substrates SOU, 50V, and 
SOW are pasted up on principal plane 2CS1 with solder. At this time, the above-mentioned 
copper foil which meets heat sink 2C is for performing adhesion between insulating substrates 
SOU, 50V, and 50W and heat sink 2C good. On the other hand, each copper foil which does not 
meet heat sink 2C on each insulating substrates 50U and 50V and SOW accomplishes each 
electrodes 60U, 60V, and 60W which are equivalent to the output terminal of a power converter. 
For this reason, you may use electrical conducting materials other than copper foil as electrodes 
60U, 60V, and 60W. 

[0064] Especially the insulating substrates SOU, 50V, and SOW are arranged at abbreviation 
regular intervals on the periphery of circular principal plane 2CS1, and the periphery of this 
heart. If it puts in another way, only the distance same from the above-mentioned center on the 
radiation accomplished and specified leaves the same angle (here 120 degrees) mutually to the 
center of circular principal plane 2CS1, and insulating substrates SOU, 50V, and 50W are 
arranged. 

[0065] Furthermore, the group of the power semiconductor device which consists of one diode 
each 1A and IGBT1B adjoins 3 sets and insulating substrates SOU, 50V, and 50W, and is soon 
arranged on principal plane 2CS1. Each class of an above-mentioned power semiconductor 
device is arranged at abbreviation regular intervals again at the periphery [ of circular principal 
plane 2CS1 ], and periphery top of this heart between the arrays of each above-mentioned 
insulating substrates 50U, 50V, and 50W. Especially each rear-face electrode of this diode 1A 
and IGBT1B is soon pasted up on principal plane 2CS1 -with solder. On the other hand, each 
surface electrode of diode 1A and IGBT1B is electrically connected to Electrodes 60U, 60V, and 
60W by the wire 7. Thus, each class of 3 sets of diode 1A and IGBT1B by which direct 
attachment is carried out on heat sink 2C constitutes the lower arm of a power converter. 
[0066] Furthermore, the insulating substrate 5 which consists, for example of a ceramic board 
approaches insulating substrates 50U, 50V, and 50W, and is arranged on principal plane 2CS1. 
Each insulating substrate 5 is arranged at abbreviation regular intervals again at the periphery 
[ of circular principal plane 2CS1 ], and periphery top of this heart between the arrays of each 
above-mentioned insulating substrates 50U, 50V, and 50W. Copper foil is formed on both the 
principal planes of each insulating substrate 5, and each insulating substrate 5 is pasted up on 
principal plane 2CS1 with solder. The copper foil of the side which does not meet heat sink 2C 
accomplishes a conductive layer 6. 

[0067] Diode 1A and IGBT1B are arranged on the conductive layer 6 of each insulating substrate 
5. Diode 1A and IGBT1B made each rear-face electrode meet a conductive layer 6, for example, 
are pasted up with solder. Moreover, the adjoining conductive layer 6 and Electrodes 60U, 60V, 
and 60W are connected by the wire 7. 3 sets of diode 1 A arranged on heat sink 2C through the 
insulating substrate 5, and IGBT1B — each constitutes the upper arm of a power converter 
[0068] According to the starting arrangement, such as diode 1 A, three arms (it consists of an 
upper arm and a lower arm) which the power module 105 has enclose the circular center (an 
electrode 61 is arranged like the after-mentioned) concerned of circular principal plane 2CS1 of 
heat sink 2C, and are arranged by abbreviation regular intervals on the concentric circle. 
[0069] And insulating-substrate 50C which consists for example, of a ceramic board near 
[ concerned / circular ] a center on circular principal plane 2CS1 is arranged. On both the 
principal planes of insulating-substrate 50C, copper foil is formed, for example, and insulating- 
substrate 50C is pasted up on principal plane 2CS1 with solder. The copper foil which does not 
meet heat sink 2C accomplishes conductive-layer 60C. Each surface electrode of diode 1 A on 
an insulating substrate 5 and IGBT1B is electrically connected with conductive-layer 60C by the 
wire 7. In addition, configurations, such as insulating-substrate 50C and conductive-layer 60U, 
are not restricted to the configuration illustrated by drawin g 10 etc. 

[0070] Especially, it pierced through insulating-substrate 50C from the abbreviation center of 
circular principal plane 2CS1 which is installation sides, such as diode 1A, for example, the 
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cylindrical electrode 61 is extended (refer to drawing 12 ). The electrode 61 is electrically 
connected with heat sink 2C. Moreover, it connects with conductive-layer 60C electrically, and 
the electrode 62 is arranged. An electrode 62 consists of a tubed electrode and the electrode 61 
is inserted in the tubed interior. Insulating member 1 1 is arranged between an electrode 61 and 
62, and two electrodes 61 and 62 are insulated. Electrodes 61 and 62 accomplish the so-called 
coaxial line. In addition, by the power module 105, an electrode 62 is [ an electrode 61 ] 
equivalent to "the 2nd electrode" in "the 1st electrode." 

[0071] By such composition, the power module 105 has accomplished the power converter which 
has five electrodes 60U, 60V, 60W, 61, and 62. 

[0072] Here, the ** type view for explaining to drawing 13 breakthrough 2CH which heat sink 2C 
has is shown. In addition, drawing 1 3 is a drawing equivalent to drawing 10 , and in order to avoid 
complicated-ization of a drawing, illustration-ization of the insulating-substrate 5 grade in 
drawing 10 is omitted. As shown in drawing 13 , three breakthrough 2CH(s) of the shape of an 
abbreviation ring of the periphery of principal plane 2CS1 and this heart are formed in heat sink 
2C (various dashed lines show each), each — the power module 105 is cooled by pouring a 
refrigerant to breakthrough 2CH Although the number of breakthrough 2CH is not restricted to 
three, it is desirable to prepare breakthrough 2CH under diode 1A which is a heating element, 
and the IGBT1B. Moreover, you may prepare breakthrough 2CH for example, the shape not of a 
ring but in the shape of a swirl. Moreover, you may prepare breakthrough 2CH in piles up and 
down between principal plane 2CS1 and 2CS2 like power module 104B (refer to drawing 6 ). 
[0073] According to the power module 105, as mentioned above, three arms of a power 
converter enclose the above-mentioned coaxial line, and are arranged by abbreviation regular 
intervals on the concentric circle. For this reason, since wiring between electrodes 61 and 62 
and each arm can be formed similarly, while being able to make small dispersion in each output 
taken out from each arm, since change by the side of low voltage can be made small, it can be 
made strong to a malfunction. Consequently, a reliable power converter can be offered. 
[0074] Although all diode 1 A etc. has been arranged on principal plane 2CS1 of heat sink 2C by 
the <modification 1 of the form 5 of operation>, in addition the power module 105, you may 
arrange the part on principal plane 2CS2 of another side of sheet sink 2C. For example, the 
component arranged on three insulating substrates 5 and it may be arranged on principal plane 
2CS2, and predetermined wiring may be performed. 

[0075] The typical external view of the power module 1 1 1 concerning the form 6 of the operation 
to <form 6 of operation> drawing 14 is shown. As shown in drawing 14 , by the power module 
111, the capacitor or capacitor 20 for diode 1 A, IGBT1B, and direct-current smooth is soon 
arranged on surface 2BS of conductive heat sink 2B of the previous statement which has 
breakthrough 2BH. In addition, diode 1A and IGBT1B hit "the 1st power semiconductor device", 
respectively. 

[0076] Diode 1A has both the principal planes (surface 1AS1 and rear-face 1AS2) corresponding 
to both the principal planes of a silicon substrate like previous statement, a surface electrode is 
formed in surface 1AS1, and the rear-face electrode is formed in rear-face 1AS2 again. A 
surface electrode is formed in surface 1BS1, and the rear-face electrode is formed [ in / 
IGBT1B / similarly ] in rear-face 1BS2 again, in order [ in addition, ] to avoid complicated-ization 
of a drawing — drawing 14 — diode 1 A and IGBT1B — detailed illustrationHzation of each 
surface electrode and a rear-face electrode is omitted 

[0077] Especially, it differs in capacitor 8P of the conventional cylindrical shape, and a capacitor 
20 consists of the capacitor of a monotonous form which has two principal plane 20S1 which 
counters, and 20S2. And the electrode (it does not illustrate but is also called; rear-face 
electrode) is formed in one principal plane (it is also hereafter called rear face) 20S2 of a 
monotonous form, and the electrode (it does not illustrate but is also called; surface electrode) is 
formed in principal plane (it is also hereafter called front face) 20S1 of another side. 
[0078] Heat sink 2B has pasted up diode 1A, IGBT1B, and each rear-face electrode of a 
capacitor 20 on heat sink 2C with solder. Thereby, each rear-face electrodes are electrically 
connected through conductive heat sink 2B. On the other hand, diode 1A, IGBT1B, and each 
surface electrodes (heat sink 2B is not met) of a capacitor 20 are connected by the wire 7. In 
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addition, you may connect between each surface electrode electrically by the pressure welding, 
the electroconductive glue, etc. 

[0079] According to the power module 111, the following effects can be acquired, first, small — 
it is lightweight and the reliable power module 1 1 1 can be offered 

[0080] In detail, direct attachment of diode 1A, IGBT1B, and the capacitor 20 is carried out on 
heat sink 2C. For this reason, these can miniaturize a power module rather than the conventional 
power modules 101P-103P formed separately. Moreover, since not only generation of heat of 
diode 1A and IGBT1B but the temperature rise of a capacitor 20 can be suppressed by heat 
dissipation operation of heat sink 2C, miniaturization of a capacitor 20, reduction in an 
inductance, and reinforcement can be attained. 

[0081] Furthermore, since direct attachment of diode 1A, IGBT1B, and the capacitor 20 is 
carried out on heat sink 2C, the length of the wiring which connects between diode 1A and 
IGBT1B, and capacitors 20 can be made shorter than the conventional power modules 101P- 
103P. Since especially heat sink 2C has conductivity, as for diode 1A, IGBT1B, and the capacitor 
20, heat sink 2C is electrically connected with the shortest path. For this reason, a circuit 
inductance can be reduced rather than the conventional power modules 101P-103P. Therefore, 
the jumping voltage (overshoot) produced at the time of the switching operation of diode 1A and 
IGBT1B can be reduced, consequently pressure-proofing and loss of diode 1 A and IGBT1B can 
be reduced, moreover, a wire length — short — a bird clapper — originating — 
electromagnetism — generating of a noise can be reduced 

[0082] Moreover, according to the power module 111, since heat sink 2C has conductivity, the 
heat sink 2C concerned can be used as an electrode, for this reason — for example, part mark, 
such as wiring required in the case of an insulating heat sink, and the formation process of that 
are reducible 

[0083] In addition, the refrigeration capacity of heat sink 2B can be improved by pouring a 
refrigerant to breakthrough 2BH of heat sink 2B. 

[0084] Even if it applies conductive heat sink 2A which has fin structure like power module 1 1 1 A 
which is <the modification 1 of the form 6 of operation>, and which changes into heat sink 2B 
and is shown in drawing 15 , an above-mentioned effect can be acquired. 
[0085] You may arrange the Modification 2 of the form 6 of operation> and a capacitor 20, 
diode 1A, and IGBT1B on the front face on which heat sink 2Bs differ. Specifically, like power 
module 1 1 1B shown in drawin g 16 , while arranging diode 1A and IGBT1B on surface 2BS of heat 
sink 2B, you may arrange a capacitor 20 on other surface (side) 2Bs S3 which cross the above- 
mentioned surface 2BS. Moreover, you may arrange on the above-mentioned surface 2BS and 
surface 2B S2 which counters. Such composition can be applied when using heat sink 2A. 
[0086] According to power module 1 1 1 B, as compared with the above-mentioned power module 

1 1 1, a power module can be further formed into small lightweight. Moreover, since interference 
with heat dissipation of diode 1A and IGBT1B and heat dissipation of a capacitor 20 decreases, 
heat dissipation nature can be improved. 

[0087] The typical external view of the power module 1 1 2 concerning the form 7 of the operation 
to <form 7 of operation> drawing 1 7 is shown. The power module 1 12 is changed into a capacitor 
20 (refer to drawing 14 ), and is equipped with the dielectric 33 for capacitors, and the electrode 
31 for capacitors so that it may understand, if drawing 1 7 is compared with drawing 14 as stated 
above. In detail, the dielectric 33 for capacitors is put by conductive heat sink 2B and the 
conductive electrode 31 for capacitors, and the capacitor 30 of a monotonous form which is with 
heat sink 2B, the dielectric 33 for capacitors, and the electrode 31 for capacitors, with is 
equivalent to the above-mentioned capacitor 20 is constituted. Other composition is the same 
as that of the power module 111. 

[0088] In the electrode 31 for capacitors, at this time, heat sink 2B is equivalent to this rear- 
face electrode in the surface electrode of a capacitor 20. For this reason, by the power module 

1 1 2, if diode 1 A and IGBT1 B are arranged on the rear-face electrode of a capacitor 30, it can 
catch. 

[0089] According to the power module 1 1 2, the same effect as the above-mentioned power 
module 1 1 1 is acquired. 
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[0090] You may apply conductive heat sink 2A which has fin structure like power module 1 1 2A 
which is <the modification 1 of the form 7 of operation> F and which changes into heat sink 2B 
and is shown in drawing 18 . 

[0091] The typical external view of power module 112B concerning the modification 2 of the 
gestalt 7 of the operation to <modification 2 of gestalt 7 of operation> drawing 1 9 is shown. In 
power module 1 12B, the dielectric 32 for capacitors and the electrode 31 for capacitors are 
arranged like power module 1 1 1 B (refer to drawing 16 ) on surface 2B S2 of a different heat sink 
2B from surface 2BS, and surface 2B S3. Such composition can be applied when using heat sink 
2A. According to power module 1 12B, the same effect as above-mentioned power module 1 1 1 B 
is acquired. 

[0092] The typical external view of power module 1 1 1 C concerning the gestalt 8 of the operation 
to <gestalt 8 of operation> drawing 20 is shown. Power module 1 1 1 C accomplishes the so-called 
voltage type power converter of a three phase circuit. 

[0093] In power module 111C, a capacitor 20 makes the rear-face 20S2 meet above-mentioned 
surface 2B S2 of heat sink 2B, and is soon arranged on heat sink 2B. 

[0094] Power module 1 1 C is equipped with three arms of a power converter. Both one diode 
each 1A and IGBT1B that accomplish the lower arm of each arm make a rear-face electrode 
meet heat sink 2B, and are soon arranged on surface 2BS of heat sink 2B. Moreover, each 
surface electrode of diode 1A of each lower arm and IGBT1B is electrically connected to the 
electrodes 60U, 60V, and 60W which accomplish the output terminal of a power converter, 
respectively by the wire 7. In addition, each electrodes 60U, 60V, and 60W are arranged on 
surface 2BS of heat sink 2B through each insulating substrates (or each insulating layer) 50U, 
50V, and SOW. 

[0095] On the other hand, one diode each 1A and IGBT1B (each hits the 2nd power 
semiconductor device) which accomplish the upper arm of each arm are arranged on surface 
2BS of heat sink 2B through the insulating substrate 5. At this time, the rear-face electrode of 
diode 1 A of an upper arm and IGBT1B is electrically connected with the conductive layer 6 on 
an insulating substrate 5. Each conductive layer 6 is electrically connected to the electrodes 
60U, 60V, and 60W for each arms by the wire 7. Each surface electrode of diode 1 A which 
accomplishes an upper arm, and IGBT1B is electrically connected to the electrode 61 common 
to all arms by the wire 7. 

[0096] An electrode 61 extends even from surface 2B[ of heat sink 2B ] S to surface 20S1 of a 
capacitor 20, and is electrically connected to the surface electrode of a capacitor 20. In addition, 
the electrode 61 is insulated with portions other than the surface electrode of a capacitor 20, 
and heat sink 2B by the insulating layer 50. 

[0097] In addition, in power module 1 1 1C, heat sink 2B is equivalent to the "1st electrode" 
connected to a low voltage side in the "2nd electrode" by which an electrode 61 is connected to 
a high potential side. 

[0098] According to power module 1 1 1 C, diode 1 A and IGBT1 B of an upper arm are arranged on 
heat sink 2B through the insulating substrate 5. For this reason, on conductive heat sink 2B, 
diode 1 A and IGBT1B from which the potential of a rear-face electrode differs can be made 
intermingled, and a circuit can be formed. 

[0099] The typical external view of power module 112C concerning the modification 1 of the 
gestalt 8 of the operation to Modification 1 of gestalt 8 of operation> drawing 21 is shown. 
Power module 1 12C accomplishes the so-called voltage type power converter of a three phase 
circuit like above-mentioned power module 1 1 1 C. 

[0100] Power module 1 12C is changed into the capacitor 20 of power module 1 1 1C, and is 
equipped with the electrode 31 for capacitors, and the dielectric 33 for capacitors so that it may 
understand, if drawing 21 is compared with drawing 20 as stated above. In detail, the dielectric 33 
for capacitors meets surface 2B S2 of heat sink 2B, is arranged, and is inserted by heat sink 2B 
and the electrode 31 for capacitors. Thereby, it is with heat sink 2B, the dielectric 33 for 
capacitors, and the electrode 31 for capacitors, with the capacitor 30 of an above-mentioned 
monotonous form is constituted. Other composition is the same as that of power module 1 1 1 C. 
[0101] According to power module 1 12C, it will be caught if diode 1A and IGBT1B are arranged 
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on one electrode of a capacitor 30, and the same effect as the power module 1 12 can be 
acquired. Moreover, diode 1A and IGBT1B from which the potential of a rear-face electrode 
differs by the insulating substrate 5 can be made intermingled on the electrode of a capacitor 30 
like the above-mentioned power module 1 1 1 C. 

[0102] The typical external view of the power module 113 concerning <gestalt 9 of operation> 
drawing 22 and the gestalt 9 of the operation to drawin g 23 is shown. Drawing 23 is equivalent to 
the external view (side elevation) at the time of seeing the power module 1 13 from the direction 
of the arrow A in drawing 22 . In addition, in order to avoid complicated-ization of a drawing, in 
drawing 23 , diode 1A, IGBT1B, and illustration-ization of a wire 7 are omitted. The power module 
113 accomplishes the so-called voltage type power converter of a three phase circuit like 
above-mentioned power module 1 1 1 C. 

[0103] By the power module 113, all diode 1A and IGBT1B of a lower arm of a power converter 
are soon arranged on surface 2BS of one heat sink 2B for lower arms so that it may understand, 
if drawing 22 is compared with drawing 20 as stated above. And heat sink 2B and a capacitor 20 
make surface 2B S2 and rear-face 20S2 meet, and are arranged, and heat sink 2B and the rear- 
face electrode of a capacitor 20 have touched electrically. 

[0104] on the other hand, diode 1A and IGBT1B of each up arm of a power converter are soon 
arranged on heat sink (others — heat sink) 2B which has the conductivity for each up arms, and 
are electrically connected with the electrode 61 like power module 1 1 1 C (refer to drawing 20 ) 
insulating connection of the three heat sink 2Bs for each up arms is carried out mutually — 
**** (illustration-ization of piping 2BJ is omitted in drawing 22 ) — insulating member 10 
insulates with heat sink 2B for lower arms, and the rear-face electrode of a capacitor 20 In 
addition, it is insulating member 10, with four heat sink 2Bs and capacitors 20 have joined 
together in one. 

[0105] Heat sink 2B for each up arms is electrically connected by the wire 7 with Electrodes 
60U, 60V, and 60W and the wire (flexible wiring) 7 for each arms. Especially the wire 7 concerned 
has connected the upper arm and the lower arm electrically by making into the point acting as 
intermediary or a point [ course ] the portion (conductive member) arranged on insulating 
member 10 among Electrodes 60U, 60V, and 60W. 

[0106] As mentioned above, by the power module 113, it is insulating member 10, with four heat 
sink 2Bs are insulated mutually. For this reason, the potential of the rear-face electrode of diode 
1A for upper arms and IGBT1B and this rear-face electrode for lower arms can be changed, 
without using an insulating substrate 5 unlike power module 1 1 1 C (referring to drawing 20 ) as 
stated above. For this reason, only the part of an insulating substrate 5 can cut down part mark. 
[0107] Furthermore, by the power module 1113, since both the composition of an upper arm and 
a lower arm is outline EQCs, the manufacturing cost of the whole power module can be reduced. 
Consequently, the cheap power module 113 can be offered. 

[0108] Moreover, the wire 7 which connects an upper arm and a lower arm as mentioned above 
is connected to the portion (conductive member) arranged on insulating member 1 0 among 
Electrodes 60U, 60V, and 60W. For this reason, as compared with the case where between an 
upper arm and lower arms is directly connected through the above-mentioned conductive 
member, the wiring concerned bends or a lappet can be pressed down. Consequently, the short 
circuit by the lappet of wiring can be prevented. 

[0109] The typical external view (side elevation) and typical drawing of longitudinal section of 
power module 1 1 1 D concerning <form 10 of operation> drawin g 24 and the form 10 of the 
operation to drawing 25 are shown. Since power module 1 1 1 D has the composition which formed 
the capacitor 20 in the power module 105 as stated above fundamentally so that it may 
understand, if drawing 24 is compared with drawing 1 1 as stated above, it stops to use 
explanation as stated above for about the same composition as the power module 1 05, and 
explanation is advanced focusing on the feature portion of power module 1 1 1 D. In addition, in 
drawing 24 , illustration-ization of a part of component is omitted like drawin g 1 1 . 
[0110] In addition, three lower arms of a power converter are constituted from diode 1 A and 
IGBT1B by which direct attachment is carried out by heat sink 2C, respectively, and three upper 
arms of a power converter consist of diode 1A and IGBT1B which are arranged on heat sink 2C 
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through the insulating substrate 5, respectively. 

[01 1 1] As for power module 1 1 1D, the capacitor 20 is soon arranged on circular principal plane 
2CS2 of conductive heat sink 2C. At this time, a capacitor 20 makes the rear-face 20S2 meet 
heat sink 2C t and is arranged, and the rear-face electrode 20E2 (refer to drawing 25 ) of a 
capacitor 20 and heat sink 2C are connected electrically. 

[01 12] In power module 1 1 1D, the topologies of electrodes 61 and 62 differ especially in the 
power module 105 as stated above. In detail, as shown in drawing 25 , the cylindrical electrode 
61 pierces through heat sink 2C and a capacitor 20 (except for a surface electrode 20E1), 
extends, and is electrically connected with the surface electrode 20E1 of a capacitor 20. At this 
time, insulating member 1 1 is also elongated with the electrode 61, and the electrode 61 is 
insulated from heat sink 2C and the capacitor 20 (except for a surface electrode 20E2). On the 
other hand, the tubed electrode 62 pierces through insulating-substrate 50C, is arranged, and is 
electrically connected with heat sink 2C. 

[0113] In power module 1 11D, an electrode 62 is equivalent to the "1st electrode" connected to 
a low voltage side in the "2nd electrode" by which an electrode 61 is connected to the high 
potential side of a power converter. 

[01 14] While according to power module 1 1 1 D originating in arrangement of three arms which 
enclose a coaxial line like the power module 105 as stated above and being able to offer a 
reliable power converter, a lightweight power converter smaller than conventional power module 
1 03P can be offered. 

[01 15] The typical external view and typical drawing of longitudinal section of power module 
1 12D concerning the modification 1 of <modification 1 of form 10 of operation> drawing 26 and 
the form 10 of the operation to drawing 27 are shown. Power module 1 12D accomplishes the so- 
called voltage type power converter of a three phase circuit like above-mentioned power module 
111D. 

[01 16] Power module 1 12D is changed into the capacitor 20 of power module 1 1 1 D, and is 
equipped with the electrode 31 for capacitors, and the dielectric 33 for capacitors so that it may 
understand, if drawing 26 is compared with drawing 24 as stated above. In detail, the dielectric 33 
for capacitors meets principal plane 2CS2 of heat sink 2C, is arranged, and is inserted by heat 
sink 2B and the electrode 31 for capacitors. Thereby, it is with heat sink 2B, the dielectric 33 for 
capacitors, and the electrode 31 for capacitors, with the capacitor 30 of an above-mentioned 
monotonous form is constituted. And like power module 111D, the cylindrical electrode 61 of 
power module 11 2D pierces through heat sink 2C and the dielectric 33 for capacitors, extends, 
and is electrically connected with the electrode 31 for capacitors. Other composition is the same 
as that of power module 1 1 1 D. For this reason, the same effect as power module 1 1 1 D can be 
acquired. 

[01 17] Moreover, in power module 1 12D, it will be caught if diode 1 A and IGBT1B are arranged 
on the rear-face electrode of a capacitor 30, and the same effect as the power module 112 can 
be acquired. 

[01 1 8] The ** type view of power module 1 1 1 E concerning the form 1 1 of the operation to <form 
1 1 of operation> drawin g 28 - drawin g 30 is shown. In addition, since it is based on above- 
mentioned power module 1 1 1 D, and in order that power module 1 1 1 E may avoid complicated- 
ization of a drawing, it omits illustration-ization of some wires 7 in drawing 28 , and is omitting 
illustration-ization of Electrodes 60U and 60V and 60W grade by drawing 29 and drawing 30 
again. 

[01 19] To all of diode 1A and IGBT1B being arranged on one principal plane 2CS1 of heat sink 
2C, by power module 1 1 1E, diode 1A and IGBT1B distribute to principal plane 2CS1 of heat sink 
2C, and surface 20S1 of a capacitor 20, and are arranged at above-mentioned module 1 1 1D. 
[0120] Diode 1A and IGBT1B which accomplish the lower arm of a power converter in detail on 
principal plane 2CS1 of heat sink 2C which has conductivity are arranged soon (refer to drawin g 
29 ). And the surface electrodes of concerned diode 1A and IGBT1B are connected, on the other 
hand, the insulating substrate 5 is arranged on surface 20S1 of a capacitor 20 (detailed — a 
surface electrode top), and diode 1A and IGBT1B which accomplish the upper arm of a power 
converter on the conductive layer 6 of an insulating substrate 5 are arranged (refer to drawin g 
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30 ) The surface electrode of diode 1 A on an insulating substrate 5 and IGBT1B is connected to 
heat sink 2C. 

[0121] Furthermore, the rear-face electrode of IGBT1B of an upper arm, the conductive layer 6 
through which it flows, and the surface electrode of IGBT1B of a lower arm are connected, and 
the arm of a power converter is accomplished (refer to wiring 7B). The above-mentioned node in 
three arms accomplishes Electrodes 60U, 60V, and 60W. The same effect as power module 1 1 1D 
is acquired by power module 1 1 1 E. 

[0122] In addition, in power module 1 1 1E, heat sink 2C is connected to a low voltage side, and 
the surface electrode of a capacitor 20 is connected to a high potential side. Although 
illustration-ization to drawing 28 - drawing 30 is omitted at this time, electric power may be 
supplied by the coaxial line (refer to drawing 25 ) which has the same topology as power module 
1 1 1D, and, in this case, an electrode 61 hits [ an electrode 62 ] in "the 1st electrode" at "the 
2nd electrode." 

[0123] Moreover, you may change the capacitor 20 of power module 1 1 1 E into the dielectric 33 
for capacitors, and the electrode 31 for capacitors like the relation between above-mentioned 
power module 1 1 1 D and power module 1 1 2D. 

[0124] The typical external view of the power module 201 concerning the form 12 of the 
operation to <form 12 of operation> drawing 31 is shown. The power module 201 is equipped with 
the insulating case 202 which has two crevice (space) 202K. Heat sink 2B by which direct 
attachment of heat sink 2B by which direct attachment of the diode 1 A was carried out, and the 
IGBT1B was carried out into each crevice 202K of a case 202 is arranged in by turns, and is 
contained by one train. In addition, in drawing 31 , illustration-ization of connection of diode 1 A 
and IGBT1B is omitted. 

[0125] Under the present circumstances, in each crevice 202K, each heat sink 2B leaves a 
crevice 203, it is arranged, and the sense of each heat sink 2B or breakthrough 2BH is set that 
between each crevice 203 is spatially connected by breakthrough 2BH of heat sink 2B. moreover 

— each — heat sink 2B and the size of crevice 202K are specified so that any crevices other 
than crevice 203 may not be made between the inside of crevice 202K, and heat sink 2B 
[0126] In each crevice 202K, the crevice 203 is established in the ends of the list of heat sink 
2B, and the hole connected with each crevice 203 concerned is formed in each case 202. and — 
each — piping 2BJ is connected to the hole of one way each of crevice 202K, respectively, the 
hole of each another side is mutually connected by piping 2BJ, and crevice 202K comrades are 
connected 

[0127] the insulating lid (not shown) which is a part of case 202 covers a crevice 203 — having 

— getting down — thereby — both — so to speak, crevice 202K accomplish the space of 1 
continuation For this reason, by the power module 201, a refrigerant can be slushed from one 
hole of above-mentioned one [ of crevice 202K ], and a refrigerant can be poured in both crevice 
202K. Since both the case 202 and the above-mentioned lid are insulation at this time, if an 
insulating refrigerant is used, for example, between each heat sink 2B can be insulated (insulating 
connection). In addition, liquids, such as gases, such as 6 air, sulfur, etc. fluoride (SF6), and an 
oil, FURORINA, are mentioned as an insulating refrigerant. Moreover, if a conductive refrigerant 
is used, for example, conductive heat sink 2Bs can be set as this potential (electric conduction 
connection). Moreover, insulating heat sink 2B and conductive heat sink 2B are combined, and if 
a conductive refrigerant is used, electric conduction connection only of the desired conductive 
heat sink 2B can be carried out. 

[0128] Now, diode 1A and/or IGBT1B may be arranged on heat sink 2B through an insulating 
substrate 5, and even if it is the case where conductive heat sink 2B is used in this case, 
desired diode 1A and/or desired IGBT1B can be insulated from others. Conversely, if it says, an 
insulating substrate 5 can be made unnecessary by the conductivity/insulation of heat sink 2B 
as mentioned above. In addition, you may arrange two or more power semiconductor devices on 
one heat sink 2B. 

[0129] As mentioned above, since each heat sink 2B leaves a crevice 203 and is put in order, a 
refrigerant passes breakthrough 2BH narrower than a crevice 203 and a crevice 203 by turns. If 
it puts in another way when a refrigerant passes along breakthrough 2BH at this time, when it 
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passes along the lower part of diode 1A which is a heating element, and IGBT1B, a refrigerant 
flows quickly rather than the time of passing along a crevice 203. Thereby, the cooling effect can 
be increased. On the other hand, since the flow of the refrigerant in the crevice section 203 is 
later than it in breakthrough 2BH, pressure loss can be suppressed. Therefore, according to the 
power module 201, it is lower pressure loss, with a higher cooling performance can be realized. 
[0130] Moreover, if it puts in another way, even if it will be the case where diode 1A and/or 
IGBT1B are soon arranged on conductive heat sink 2B, without using an insulating substrate 5 
by using an insulating refrigerant as mentioned above, each power semiconductor device can be 
insulated mutually. For this reason, only the part of an insulating substrate 5 can cut down part 
mark by using an insulating refrigerant. Furthermore, since each heat sink 2B which carried diode 
1A and/or IGBT1B is an outline EQC, respectively, the manufacturing cost and price of the 
whole power module can be reduced. 

[0131] Furthermore, it originates in each above-mentioned power semiconductor device being 
insulated mutually, and each power semiconductor device can be soon arranged on conductive 
heat sink 2B. Therefore, the heat dissipation performance of a power module can be improved, 
consequently reliability can be raised. 

[0132] The typical external view of the power module 1 14 concerning the form 13 of the 
operation to <form 1 3 of operation> drawing 32 is shown. As shown in drawing 32 , the power 
module 1 1 4 is further equipped with the shunt resistance 90 for amperometries to the power 
module 1 13 shown in drawing 22 as stated above. In detail, the shunt resistance 90 is directly 
connected to the outgoing end of Electrodes 60U, 60V, and 60W, respectively, and each shunt 
resistance 90 has accomplished each output terminal of a power converter. 
[0133] Since current is measured by shunt resistance by the power module 114, it differs in 
current transformer 92P used in the conventional power module 101P grade, and a control power 
source is unnecessary and there is no offset theoretically. 

[0134] Moreover, since it connects with the outgoing end of Electrodes 60U, 60V, and 60W 
directly, as compared with the conventional power module 101 grade by which current 
transformer 92P are separately prepared out of the case, the shunt resistance 90 can form the 
whole power module into small lightweight, and can cut down the mark of the parts for current 
measurement. 

[0135] The typical external view of power module 1 14A concerning the modification 1 of the 
form 1 3 of the operation to <modification 1 of form 1 3 of operation> drawing 33 is shown. Each 
shunt resistance 90 of power module 1 14A is formed in the position which meets surface 2BS of 
heat sink 2B, and is directly connected with each electrodes 60U, 60V, and 60W so that it may 
understand, if drawing 33 is compared with above-mentioned drawing 32 . 

[0136] According to power module 1 14A, the temperature rise of the shunt resistance 90 can be 
suppressed by operation of a heat sink 90. For this reason, property change of the shunt 
resistance resulting from the temperature change can be suppressed sharply, consequently the 
detection precision of the amount of current can be improved further. Moreover, since the shunt 
resistance 90 is arranged above heat sink 2B, as compared with the above-mentioned power 
module 1 14, it can miniaturize further. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] It is the typical external view of the 
operation. 

[Drawing 2] It is the typical external view of the 
operation. 

[Drawing 3] It is the typical external view of the 
operation. 

[Drawing 4] It is the typical external view of the 
operation. 

[Drawing 5] It is the typical external view of the 
the gestalt 4 of operation. 

[ Drawing 6 ] It is the typical external view of the 
the gestalt 4 of operation. 

[Drawing 7] It is the typical external view of the 
the gestalt 4 of operation. 

[ Drawing 8] It is the typical external view of the 
the gestalt 4 of operation. 

[Drawing 9 ] It is the typical external view of the 
the gestalt 4 of operation. 
[Drawing 10 ] It is the typical external view of the power module concerning the gestalt 5 of 
operation. 

[Drawing 1 1] It is the typical external view of the power module concerning the gestalt 5 of 
operation. 

[Drawing 12] It is typical drawing of longitudinal section of the power module concerning the 
gestalt 5 of operation. 

[Drawing 13] It is a ** type view for explaining the breakthrough which the power module 
concerning the gestalt 5 of operation has. 

[Drawing 14] It is the typical external view of the power module concerning the gestalt 6 of 
operation. 

[Drawing 15 ] It is the typical external view of the power module concerning the modification 1 of 
the gestalt 6 of operation. 

[Drawing 16] It is the typical external view of the power module concerning the modification 2 of 
the gestalt 6 of operation. 

[ Drawing 1 7 ] It is the typical external view of the power module concerning the gestalt 7 of 
operation. 

[ Drawing 18 ] It is the typical external view of the power module concerning the modification 1 of 
the gestalt 7 of operation. 

[Drawin g 19 ] It is the typical external view of the power module concerning the modification 2 of 
the gestalt 7 of operation. 

[ Drawing 20] It is the typical external view of the power module concerning the gestalt 8 of 
operation. 
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[ Drawing 21 ] It is the typical external view of the power module concerning the modification 1 of 
the gestalt 8 of operation. 

fDrawing 22 ] It is the typical external view of the power module concerning the gestalt 9 of 
operation. 

[Drawing 23] It is the typical external view of the power module concerning the gestalt 9 of 
operation. 

[Drawing 24 ] It is the typical external view of the power module concerning the gestalt 10 of 
operation. 

[Drawing 25 ] It is typical drawing of longitudinal section of the power module concerning the 
gestalt 10 of operation. 

[Drawing 26] It is the typical external view of the power 
the gestalt 10 of operation. 

[Drawing 27] It is the typical external view of the power 
the gestalt 10 of operation. 

[Drawing 28] It is the ** type view of the power module 
[Drawing 29] It is the ** type view of the power module 
[Drawing 30] It is the ** type view of the power module 
[Drawing 31] It is the typical external view of the power 
operation. 

[ Drawing 32] It is the typical external view of the power 
operation. 

[ Drawing 33] It is the typical external view of the power 
the gestalt 1 3 of operation. 
[Drawing 34] It is the typical external view of the 1 st conventional power module. 
[ Drawing 35] It is the typical external view of the 2nd conventional power module. 
[ Drawing 36] It is the typical external view of the 3rd conventional power module. 
[Description of Notations] 

1 Power Semiconductor Device, 1A Freewheeling Diode (Power Semiconductor Device), 1B 
Insulated-gate type bipolar transistor (power semiconductor device), 2A, 2B, 2C A heat sink, 
2AS, 2BS, 2B S2, 2B S3 Front face, 2CS1, 2CS2 Principal plane (front face) and 2BH 
Breakthrough (passage), 4 An insulating layer, 5, 50C, 50U, 50V, 50W Insulating substrate, 60C A 
conductive layer, 60U, 60V, 60W Electrode (conductive member), 7 A wire (flexible wiring), 10 20 
Insulating member, 30 Capacitor, 20E1, 20E2 An electrode, 31 The electrode for capacitors, 33 
The dielectric for capacitors, 50 61 An insulating layer (insulating member), 62 An electrode, 
101-1 05,1 04A-104D, 111-114,111A-111E, 112A-112D. 114A, a 201 power module, 202 A case, 
202K Crevice (space). 
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s^fflWM^i it-h^2 

[0037] miz^ QAfflWM^I it - h*>>? 

2 A£j&<lElzl$LTl>*<DT% ^ffl^M^Ut 
— h~>>? 2A£0>m<DMm.&&'m < t4Cii<t^ 

ZOtzto. ^(D/^-^yi-^UI O 1 P— 1 O 

3 P £ ttSfc y . fc£ ^^*ffl^33t*^^ 1 1 S 
2rtlc;fttfy'XI*fc — h*>>^ 2 AO$S2AS^ 
g^4CfctS§t'ifeott, Sffil S2i:Sl2A 
StOTICft4t4SfclM*Sffi1 S 2 i^[S2 AStO) 

r$(n&m&&iz§£*E?2>&izj)tf*2i^ ctucct y . 

10038] <atfl5<DJ&||2>H2(cSS»fi<D^aS2fC« 
i/^-tya-JU O 2 (0^3* WttttSlg) B 

a i <t Lt(07 y — — y >^*v*— 

h'1A&i;iGBT1B^ t-hv>^2Ai, 
3<t. f&f£Jg4<t. 7^V7i^ 0 fc*>\ K2i<7) 
m/«^^<b^^<7).=t<7)fCtt^--(O^^^Ur^<7)ltt^ 

[0039] ^y-^-x-f — y >^^r-r^-— Ki Att. Kt 

1 S 1 RXfUm 1 S 2 fC**l£-f <bS® 1 A S 

ai;si5iAS2t ^ES^e&t^asss (E^-y: 

f) t^ttio mftlZ^ IGBTIBt, K3i<7>«-S 

®isi xi^Sffi i s 2 fc^fc-f i b s i ays 

iiBS2^ ai^A^SSlg (H*-fr-T) <t£ 
[004 0] ^fC. /N^-tya-ZU 0 2(Dt— h^> 

40 <Dn-%y?-r>ft*«4*&jg*. fit, y-r*-K 

1 A&tf I GBT 1 B&<* 5® 1AS2, 1BS2£t 
- hi/>^ 2 AOS® 2 ASIC«®^T, t— hi>> 

^ 2 AJifciS/zE©$ttrt^ 0 k i A&y i 

GBT 1 Bf*. 3J«tt**-r*tt*»«. ^^.(#^fflr* 

t-h»^2 A±tz®m2tiTi^z> 0 c^iccty, ^ 

Ki A&t; I GBT 1 BCDS5S®^^f*#iBa&y 
33^140) t - h ^ 2 A L T^Sl Wlcmei £ tlX 
L^o ffe^. y-f*— Ki A(0$^gi I GBT 1 B 

50 tzte&ZtiTt^,, 
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[ O O 4 1 ] C<D<fc ?|C. /^-tvJa-^ 1 O 2 T? 
li, t - h 2 A6<if tt^f4(0t% ED*>t- 

[O O 4 2} fcfc. ^^3.— ;n O 20>fc— h-> 

>^2AI1 «ffi2AS^b«<^»2AT$tLt 

fcy. tfe«@4&^«e3tt^aiffi2 ATjtrctsttL 
tt^. cHf^t y % ^naiicot— h:>>^2 Aco^ai 

fiP 2 A T t^tiS^ 2 A T J:(0m»3 £ £/\ 0r 7 — ^ is jl — 
[OO 4 3] ^zl— ;U1 0 2l*±iLt 

(ft3fe<Dlfe&&tS5P <03 4#BO fcfcil) 

[0 0 4 4] <^&SCDff*5S3>@3lc3S$g<D}&5§3fC& 
i/^-tyji^U O 3C0^W^n«©^^-To 0 

3 Iz^-f cfc ?fc x /N°9-^yj.-JU1 0 3l£ % 20(D/n° 

0 2^fil5ttl 0£^LT*S^£*t 

C0045] /^-^ya-iH 0 3t'li, — 
ya-iH 0 2(Dlft3tt, SlMcffe^/*'? — 
— JL1 O 2<H^S^LT^Kffe^0)/< , 7— tvi- ;ui 

o 2ot- h>>^ 2 Aicmawicmia^nTi^ m 

[0 0 4 6] /^-^va-JUl 0 3fr^tlll 2 0(D 
/\'9-tyaHU 0 2$f AiHUtfc^ C*L*£ 

ffl^^i*T@&£&/5rf *<7>T% *\,&mz 

tltz'VJ— ^i>n.— JH 0 2£ffll^OTv /^-^y 
i-JU0 3^MgS<b$H4 o fcfc. 3OjaJb(0/< 

C0047] fcfc. m&3£:*nr*;i£fc<. fcUtf* 

<f K 1 At t— h>>^ 2 A^CDPbI^IE^/C^^-V 

coo 4 a] <mfao)m&4>®4iz&m<Dmm4t^m 

*/N*9-^ya-;H O4(0g^nfii^to @ 

4 fZTF-Tcfc /^-tya-^H 0 4I*. ^ 'J — Tfc 
-<-«J>^t-Kl At. IGBTlBt 3P1Stt 
(Dt-hv>^2Bt «t£3<t. Ife*if84£. 9^ 

COO 4 9) t — hv>^2Bte±.a<D3Mtt£0)t: — h 
y>^2Ai^«0ff^bB£ l J, JiC*ffi2ASfC« 
£¥®tt(D«®2 BS^tti. fit, ^g£&® 
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2 BS_tfZ*V;*-— Kl A, I GBT 1 B&tflfe&fa 4 

[0050] /N 0r 7— ^-^a.— ;U 1 O4(0t— h*> 

>^2Btt^(03IKtLT(D2oa)Sxi^l OSigCDSfc 
K) 2BHm^ 8 &SaH2BHl^@2BS^b 

mmmmtitz&fciz* ^"s-ttnt^Atz^xm^tz 

— K1 A&tf I GBT l B(7>T*£iiiS-f *<fc^l::ffm 

?ttrt>* 0 fc*>. Hafl.2 BHiii ogttMi3oia-t 

10 T'&^>T*,mt>Ul\ 

[O 0 5 1 ] ^zs^— ;n 0 4t*(i, 1IH2 B 

hic^bl Tswitmm (sf 6 ) , mis 

tfr<fcoT. t- Kyy^ 2 B^or^ t- K 1 A 

&r;iGBTiB^««nc^t*o cttrc^y. # 

3fe<D/< r 7— ^ixjL— ;n o 1 P ~ 1 o 3 P(D& ^ izigm 

coo 5 2) <mm(Dfim4<omm-\ >wstz'&m<D 
mm4<D&i&mi \z&z>*<n— =Ei>^— jh o4a^ 

— ;H OAAliiaO/^-tva-ZU O 4 £ 2 Ofll 
t - hy>^ 2 B(0Slfl,2 BH^l^Kf 2 B J 
^JRA<*VC. f^/\ 0r 7— ^ v^zl— ;H O 4*<i!tgLTl> 

So 

COO 5 3] ( i ) iSt— hy>^2B^ 

30 k 1 Am<»m&mmm±&mmwLizwtmTZ> 

®&tz&. &&tft&t<D&u<t*>-*tzmmte.<Dtt 

ic. i^t-hv>^2Br^^ife^r>5>*a^rctt. ^s-r 

^(ftaSt- h islsO 2 B_h(Z)^^^— K 1 A^^±^|fe 
COO 5 4] C(D<t^. (i i i) -tIE ( i ) CDJ:^fC 

m&t#mt<D&te< t±-y5izmnte<DKm • 

40 i A^t(0P B 1fcmia(0lfe^S«5 p (Xtf^tSe p) 

(i3 4#!S) ^^ittLtf. JiE ( i i) tm&lzffit 

- h*>><7 2 BmVV* *- Kl A^^lfe^^CtA^ 

tLl*. $fe^S«5P^^fflt>^^A<^L> 0 

[00 5 5J <ffc, 3OW±0/\'9- ; Eya^UO4 
^B JT'ii^LT/^^-^E^iL-^l 04A£«?fi£ 

-fZ&SHD'tr?— ^ ;u 104^1 ?)\,— zft L 
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jU0 4Ai«:|;^Lt, 1 0(D#>^£&l-Mxfcm 
[0 0 5 6] <&M<Dm&4<D2£1tm2>&GlZ&m<D 

-JU0 4Bt'l 2 0(DH7l2BH^i2BS^ 

[0057] iaa)/'?^ — ^E^zl— /H 04A^^ 
fC. JS&tf)/*'? — ^ v^J-— 1 O 4 BCO^Safl. 2 B H 

(@7#ko 0 c<d*£. Jimconmm bhi^±^& 

tfT©X7>S@7l2 BH[^±^^-tt^ttS©2 B JtO<J 
Co ftfC. Kl A&tf I GBT 1 BfCjfilV _t 

TT^CDESfl. 2 B H left*!,* <fc ? ^-^IzJ: 

[0 0 5 8] <^Jg<D^sl4<0^«3>H8fcmEC0 
Jfc3§4 C0^JJ2#)3 \-%Z>/*0—=£\s 1 

— iH O 4 Cl*_t!2/\ 0 '7— tvi- JH 04^201 

[0 0 5 9] <^$£<Dff^4(&&fl20M>0 9|::^$£tf> 
ffS3§4(D^ff2W4fCfli£/* r 7 — ^Ev/J-— JH O4D0i 

— iH O 4 DttJigB/^r?— ^E^j.— ;H 0 4£20«I 
X.. SS/x 0, 7— t^i- ;U1 0 4A<3t^fiP«1 5^Lt 
±Trc^Mte^ttTt>^>o -<0<t^ (i) 4>fc<£ 

u ( i i ) ^roamm-i stzmmmo&utimz 
m ^ ti &m t - k v > ^ 2 b n £ *& » r * c <t a< r* ^ 

(0060) <3tfi£Of£s§5>@1 0^01 1^. £ 
fi£(Dff2®5fC&£/N°'7-^^-;Ul OSO^xtWftn 

*£(Drt«iar::fcfcy* 0®OJI$i<b£&l+£*:tf>f::@ 
fc. ®1 2/c. — ^^o.— ;u 1 0 50^WftmBf 
[0 06 1] — — ;n 0 5I*. i^4 3i 
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f *) ©ir^rafcmgJ^tt^ (Xfc«Sife£*v5) 0 ED 

mz&®&mtz&&ia'?*)yis®& 
(--til 3«^'Jv?;b») £i*ltl>*o 
[006 2] jm o5», stft-r&Rffs 

(DiS(S®) 2CS1, 2CS2^t4RttlK(Dt 
-h'»^2C^4, t— h*»^2Cf*$IStt£ 

10 [0063] t - h y >^ 2 CO-^d)iffi 2 C S 1 ± 
IcfclitfcMz^ V?fc<fc U l£* 3 0(D|fe|£gfc5 O U, 
50V, 5 OWA<K©£*lTt>£ 0 £-*fe(£g«5 0 U. 
50V ( 5 OWCD05icSJ:»C«^|#^ISA^Rg$+t-Cl3 
y, IfeliSfcsou, 5 0 V, 5 OWIi^^l^BafCct 

y±E2csi±(cHf$nti^ ccot^. t— h 
v>*2c£*m7r*-tB2$m§fc\ i&n&issou, 5 

OV, 5 OW<t t— h*>>^ 2 C£<Dr$(Dtgm : £&ttlZ 
fil>tzih<D*><r>X&Z> 0 fife*. S-ffelt&fcSOU. 5 0 
V. 5 0W±(D, t— h^>^2C<tl*ttffiLfcl>2-@? 
20 $S(*. ^^^3i(D*^dS^»Cfcfci#^S6 0U, 6 
0V, 60W^R£-T 0 C(Dt^ ^g6 0U, 6 O V, 
6 OWt LT^fSia*(D^#tt£m*Ttf8^ftt\, 
[0064] ftfC. lfel£gfc5 0U, 50V, SOW 

i*. nm<D±m2cs ^ <onmtm'b<Dnm±tzv&mrn 
^rcEs^ttri>^>o &?-r4if£. rj^<d±®2csi 

0*P>blzttLTKlVzm£ft& (c:t'lti 2 0° ) ^ 

fig l x m& z ^> mmm± tz ± ^ ^ c ffiistti it 

mtix. lfe^S«50U, 50V, 50WA?E®$ttr 

30 [0 0 6 5] mtZ % #1 O(0^t-Kl A&Xf I GB 
T 1 BA^^fi^^^^ffl^SJt^^-T-COliA^ 3JS. $fe«t^ 
«[50U, 50V. 5 OWfcBS&LTi® 2 CS UtlC 

R^<D±® 2 CS 1 <0Ria<t^^(DP3jaJilcDS^ 
P^fCX-hE^lfe^S^S O U, 5 0V. 5 OWCDE^JRSj 
^cS©^tLTt^^o 1^rc. 6^45r-T3f — Kl ARTS I 
GBT1 B(D i &QSm^l*«aix.«^fflfCci:y±®2CS 

^±izmz®mZt^Xl^ 0 ffe^. ^t-KiAW 
i gbt i B<o^&S®^ti^^.r*^'i'V7ic < fcy^ 

40 60U, 60V, 6 OWlZteUtotZ&t&ZtLXl^o ZL 
<D«fc^l^t— his><7 2C±tzW.ttHZthXl*Z>^ 3$§ 
(D^><^- K 1 AXl): IGBT1 B(0#ffi^^^ 

[0 0 6 6] ^fC. ^^(^^5 -V^^cfc yj£S*&|gg 
«5A^lfi5 0U, 50V, 5 OWlCififgLTi® 
2CS 1-tfr:E©$*tTl^ 0 =&|fe^^5l*. m'*<D 

±®2cs i <Dnmtm'b(DwmjLtzm%tr£\mz3i±& 

^IfiSOU, 50V, 5 OWOK^l^lCES^tt 

rt>>5> 0 &&&mm5 0ffi±&±izm*izmm&m&iz 

50 ^TT^y. =&lfe^«5l*«^l#i|iBBfC < fcyi®2CS 
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[0067] ^Jfe &fc5<D*Sf§6_tfC*V;*— Kl 
a&i; I GBT 1 Ba<SS$*tTl^* 0 K 1 A 

i gbt i Biz*ti?tio>mmmm&mmmet$j 

"T*3P«@6 <tm«6 O U, 6 0V. 6 0W^6^^|f 

7^7fc<fcoT&«£;h/ci^o ^itss^Lt 

t— 2 C_tfcKia£*l,TL^ 3|§(D^-<5|— 

K 1 AStf I G B T 1 B^-^tLA<«*^S(OJ:T- 

[0 0 6 8] ^V*— Kl A*f<DfrfrZUimz&tLl£ % 
tya- iH 0 5^t4 3O0)7-A (±.7 — 

©±®2CS 1 0>ilSg*Rfl2a>**i> (f£&<Z><fc?lC««6 

[oo6 9] fit, rj^(o±®2 cs s&r 

«K.^ffifcJ:y±®2 CS 1 fc&®£*LTt,^ 0 fc — 
h *>><7 2 C£*t®Lfcl^f§C*2»S@6 OC ^fi£"To 
&mm&5±(D?'<*— Kl I GBT 1 B<D=&& 

stS6<«^if'7'f-V7 fcj: y 9M 6 o c t maiwrc 

[OO 7 0] ftfc, ^t-Kl A^(DSS®t*^n 
iO±B^CS 1 CDBS4"0^«blfe^^5 O C£J5l^T 
W^l^ttOlfi6 1*<#tfTl^ (01 2#H8) 0 m 

i i*t- 2 c tm*i*}^mmz*ixi^z> 0 
f$nrt^ 0 fge 2i*«*tfffitt<D«ts^*f*y. 
1 . e 2p B if-i*i&*i«j*t 1 1 A<ssi**LT*>y . mms 

61, 6 2(**felt$tLTt>^o m€E6 1 , 6 2lilW 

m«e 1 &< r^i rcfcfcy. m«6 2A< rg2i 

[007 1] ^<D&z>UmtillZ<kV^ /^-^ya-iL 
10 5lt 5O0)f|S6 0U, 60V, 6 0W, 6 1. 
6 2 £WlT>2>m*&&3g£fiSLTl^ e 

[0072] ::t\ 01 3 let — hy>^2CA<tt 

iHian2CH^stt^-r*/i:*>a)m^0^^f o 
0i3iigji oictigyr&BiBrcfey* m&om&itz 

W-tZtzihizmi O*(Dl^&iS5^(D0^tl*^B&L 
Xl^c 01 3 IZttsTJ: ?tz* t— h'»^2C»Cl*. 

±®2cs i (DR/B^^'DcoKy >^ttcoHia ; a2CH 

£Bffl?l2CHfZ*m£35-rc<fcfZj;y, z^-^Eya 
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0 5<D^«J^fT^o Bafl.2CH(0@»f*3Orc 

(8&4ifel\b<. filfl,2 C H ^ ^T-fci^^ t- K 
1 A&tf I GBT 1 B(0T^fC»lt*Ci:6<»^Lt^ 

lifl, 2 C H $ 'J >y*ttt'^ < ?«fc 
!5ltT4,«*3^t>o A'9- : Ey2-iU0 4B 

(06#K8) (0<fc ?fC. ±®2 CS1, 2CS 2Pb1(cJi 

Ticm^arsa?i 2 c h ^mnx=bmt>ui\ 

[0073] /\ cr 7 — — O 5fC«fctL(*. -h5£C0 

<fc ? rcm^if ^s<o 3 007- Att-te^itt^^is y a 

<Di£t>-o2 : £>m <-tz>^£&<T-$2>t&iz^ tentum 
cofe® $ < r* ^ -6 AKaf^ic^ <tici a<-e ^ 

MVP*. 

[0074] ozmommsommi >fc*>\ /\ or ?— 

ty^-ii 1 o 5t?rit — h->>^ 2 c(D±i2cs 1 
Jhf::^;*-— Ki A^^itSSLt^ ^a*— su£*> 
20 -hy>^ 2 C<Di&?5(D±m2 CS 2 -tfcEg LT ttl 
*>«H^. 3O(0lfe<iS«5&0:^n<7)J:(cES 
^fc»^^±a52CS 2±l:SfiL, Sr5£(Dffiia 

[OO 7 5] <*$fc<Dff25§6>0 1 4fC^$fctf)ff£5§6fC 

li/^-tya-iU 1 1 (Dmjt&junmm&iji-to 

01 4fC^-r<fe^fc. /\°9-tya-JU 1 K'lt K 
Sfl.2 BH£*Tf *K&<D3P«f±a>t — h*>>^ 2 B<D 
*®2BS_t(C. ^ -< J*" — K1 A, IGBT1BM1 
3n-3K*ftH|JH<D:3 >"T>-0-fcl^ LI* ^/<y^ 2 OA<il 
30 ICffiS^tiTl>^ 0 ^t-KlA&D-IGBT 
1 BA<-t*i-m rfg i (0«^ffl^3lf*^j fcfcfc^o 
[0 0 7 6] ^t-Kl Af*^>yzi> 

£«tf>@5±aalc*ti£-f 1 AS 1 XtfRffi 
IAS 2) £WLT*>y. *® 1 A S 1 (C3S®mMi6<X 

i a s 2 tzmm^mt<mm^tixi^ 0 mmz* i 

GBT1 BlcM>tt, BS1fC$I9S^I 
^I^b^Stt^fc^. @14T'tt^t-KlAMl 

gbti B^^tia)«®«fiiXi;«®«ea)P^^0 

40 ^bl*^B&LTl><b 0 

[OO 7 7] ftfC. tt3fcC0R18H^(0+V/N o v^ 8 Pirl* 

s^y. ^Ay^2oii, *trs]-r*2oa>±®2 OS 

1. 2 0S2$^tiW^V/<y$^bfiJc-6o 

s 2izm® (0^-r ; mmwmt*>w&) mm&n 
risy, ^>3(Di® (iaT. &mt*>n&) 2osnc 

CO 0 7 8] ^t-Kl A. I GBT 1 B&U^^V/< 

50 2 oco^Missiit— h->>^ 2 B&mz&^m 
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lz& y t- h«>>v* 2 cfcf$3g£;h,Ti>* e c*uc<fc 

GBT 1 B&tf*V/<:>S2 OCO^Sffi^g (t— 

2 B<tf***®LTL>fcl>) ^±(*'7^^7rzJ;or 

[0079] /*r?— ^iszl — 1 1 tZ&tHZ&LT<DSto 

[0080] »»fCtt, ^t-Kl AXtf I GBT 1 
B2ttf*V/N°:>* 2 Ojb<t— 2 C-tfCftftltS 

frri^o ^(Dtz#>. ^nt>tf&}*izmi-t£>tiT^z>u 
2fe0)/< r 7— ti/a- ;n o i p— 1 oap^n, 
-=e^i.-)\'&'^mit?Z>ZLtt<T~2Z> 0 &tz. t-h 

v>v*2C<Dj»&f*fflfCj;^T^*-Kl AXtf I G 
BT 1 B<D§£f&(DfrU 2 0<D^g-t^£ 

[OO 8 1 ] MlZ^ ¥4*— K1 A, I GBT 1 B&tf 
*V/*:>* 2 OA<t — hy>^2 Cif^lS^I-t $*LT 
*<DT% ^^-KlA&U:iGBT1B^: + vAy$ 

101P-1 03Pj:nS<t4C^^t'?^ ft 
fC, t-h-»^2Ctt3?^t4^^^(0T% 
K1 A, I GBT1 B&l):^A'^2 0ttl:-hy> 
^2C6<SJa^T^SlW^C^IftLrt^^, 0 C(D/:*), 
^(D/^-^va-JH 01P-103 PcfcU^IsI^ 

4— Kl AJti; I GBT 1 BO)H y ft (Z\± 

c^sto±A<y^ff >o.-h) $iit'?» 

TOtem. K 1 A&tf I G B T 1 B(Dlfff&tf 

[0O8 2] £fc. ^ ^jl— ;ui 1 1 fC«fc*U#, 

t- h v><7 2 C^ljt^ti OT, £&t-h> 

[0083] ^fc, t-Hy>^2B(DSiafl.2BHlC 

[0 0 8 4] <^J£(Dff£s§6CDSfcff2fc| 1 t— h 

2 Bfclt^T. @ 1 ^Ev^— ;U1 

1 1 ACD<fc?fc;7*>ffi&£W^*^tt<7>t-h*>> 

[oo8 5] <&m<Dftme<Dmm2>-£tz. 

•>^2 0, Kl A&tf I GBT 1 B£. t— h 

2 BC0Sfc*&®lcE©LT^8|;b#l\, 



(9) ^200 1-332679 (P200 1 -332679A) 

16 

fete, @1 6 fz^f /\ 0, 7 — vil— ;U 1 1 1 BCD^fc? 
IC. ^t-KlA^IGBT1Bjt-hv>^2 
B<DS®2 BS±(CES-Ti— +-VAV^2 0$ 
-tffiS® 2 BSi5Mf6(DSS (OtS) 2BS3±(I 
SSLTtiWUo ±8£&®2 BS^^T* 

£®2BS2JhlcE©LT*>f$!;b$:U\ > 
lit-hv>^ 2 A £ffli>**a^f::=fc^fflpJte-e&£ 0 
[0086] A^-tyi-iU 1 1 B/CcfctLl#. _tg2 

1 A&tf I GBT 1 B<D&&£ 2 O0)fifc8&<t 

[0087] <gfifc(Dff:*S§7>0 1 7 fc5l^(OJ^S§ 7 fz 

1 2lt ^-V/<'>5r2 0 (@14# 
EB) IcSt^T. *V/^>$/BgSrai*3 3&u:^/\^>* 

20 2 B^^/^ffl^fi3 1 <t-C*V/\°:>*ffl&^{*3 
3A^^**trfcU. t-hv>^2B < b+V/Nv^ 
fflg£^l*3 3 «t*V/^>*ffl^&3 1 i:T*^r±E+v 
/>°~>* 2 Otzftm-?Z¥-mM<D*r 3 O A<f8rit£ 

[0088] C<D<t£. +tAv^fflifi3 1tt + VA° 
2 O(0S®SSfCfefcy. t-h*>>v*2BI*[s)3 

s^srcfcfc&o ^<ntz#>. /<r>— ^e^jl— ;n 1 2 r* 

f*. K 1 AXi; I G B T 1 Bi^t/N°V$ 3 0 

COO 8 9] /x^-^va-^U 1 1 2 IC«fc*U*, .hifctf) 

[oo9o] <nm<DJtm7<D&xm i >ut$, t— h 

1 2 A(D<fc^lC7>f >mit^r>S33^tt<Dt-Kv> 
^2 A^SfflLT=t«i^^tV 
[ O O 9 1 ] <tZfo<DMm 7 <D$£ltm 2>@19 Iz^l^ 

<Dmm7<D&mm2iz&2>/<i—=Ei>zL—)i,i ^ 2&<o 

m&to&ft&m&mTt. t$r>— =E\>zl— JU i 2 BTr 
40 f*. z^^— ^E^J.— ;U1 1 1 B (01 6#^) tm& 
(z % ^/Nv5«fflg§^3 2M^/N , y$fflIg3 1 
SE2BSili^4, t— h*>>v* 2 B(0^c52 
BS 2-h^f>S®2 BS 3 JtlrEE$ttTt^>6o Ctf><fc^ 
^m^tttt- hix>^ 2 A ^fflt>im^lC^^fflDltgT' 
^E^i— iUI 1 2BICi:tt^ ^^(D/^^ 

coo 9 2] <mm<onma>m2 otz&mmmetz 
mz>'<r?— =t vo.— ;l i i i ca>m3£*jfcH1E®£7* 

■To /^r7— ^Eix^— ;n i icit lvh>tf>*3tg(Dftff 
50 S^^^^S^^o 
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[0 0 9 3] ^v^jl— ;ui 1 1 CTrl*. 

^2 04^ f (Dlffi 2 O S 2 ^ t- h y >^ 2 B(D±E 
«ffi2BS2d:«a$tt, t— hvO* 2 B-tfClEfC 

[0094] z*'? — =Ei>iL— ;U1 1 C(*m2jgE&$S(D7 

y-f *— Kl ARi; I GBT 1 Btt^»ca®«S^t — 
hv>^ 2 BfC*t®£-fe»-T t— h 2 B0>&® 2 B 

— k i ari; i g b t i B(D^®m€gii, ^-mm 

j}m&m<Dtot)i%=i-£&i'?m&G o u, eov, 6 0w 

*S. §ffi6 0U, 60V, 6 0Wl*#|fe|§g« (XI* 
^Jfe^e) 50U, 50V, 50W$^Ltt-hv> 
O 2 B0$12 BS_tfCffie2*LTU£ 0 
[0 0 9 5] ffe*. ^7-A(D±7-A^t§10(D 

^t-KiA&i;iGBTiB (^^^n*<m2com 
xm^uMtm+iz&tzZ) i*„ ife*ss«5^^LTt- 

h*>>^ 2 BCD&® 2 BS_tfCffiffi2*LTl^* 0 C<D<t 
±7-A0^ 3j"— K 1 A&tf I GBT 1 B0S@ 

^ 0 ^l@6li«-7-Affl(0fg6OU, 60V, 6 

Jtr-A^Rg-T y-f K 1 A&Xfi I G B T 1 B(D&& 

7tz& ym&wicfgs;**,** 

CO O 9 6] 1Sfi6 1 lit — h->><7 2 B0)£®2 BS 
2 0£>&ffi2 OS 1 Icgi-eS&LT^V 
/ < ?^2 0<D«3DmSlcmSCWIcm«$^Tt>^ < , 
fc\ fg6 1liJ6g@5 0l; < i:ot + J rAy5'2 0(D* 

smsi^mcoawxtf t- 2 B^&it^ttTi^ 
[o o 9 7] fcjs. /^-tva-^n 1 1 c-ei*. m 

fie S«ia®Ifcm«$n^ rf 2lgj lefc/c 

y, t-h>>^2B*^ (£m(si®aici$«$tt^ 
mmj tz&tzt> 0 

[OO 9 8] ^ti>iL— ;n 1 1 ClC^tU*. J: 7 

-A^fKl AM I GBT 1 Bl**&*i&fc5£ 
fl'Ltt — 2 B-hfCgJB^FifvCl^o C<Dfc 

*k #«ti<^t— b>><7 2B±tz^ m&mm<DW&.&< 

4*— Kl A&tf I GBT 1 B£igfc£i*T|sl 

c o 0 9 9 ] <^js<ojbs§ 8 omxm 1 >0 2 1 izmm 

<J)te*&B<?)%temMZ&Z>t< r 7— : *;i>3.—i\,A 1 2C0) 
8*W<mfil0£^-ro ±5E<D/<7— ^E^a.— ;ui i i 
C<t^«fC. /W-tvi-iH 1 2 CI*. lVbtf>*3 

CO 1 00] 02 1 £K&(D0 2O<!:£itl£t-;Kl*#fr 
*«fc?f-. ^ vj.— ;u 1 2 CI*. /W-iva 

— ;H 1 1C0)+YA , y$2OlcStx.t, **'**>$m 
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«i3 i mtA'v^fflKtfts 3 jii^i, mmiz 

I*. *^/*~>*ffl&«i*3 3l*t— h->>? 2 B<D&® 
2 BS 2 £*t®LTE152*U t-hv>^2Bi+t 

/<~>9Jii«&3 1 &-e&$*L-ci*«« ctuc^y. t— 

h V>* 2 Bk**'*is*m&Wt*3 3 £**/\°:>*ffl 
««3 1 tt'mt±^«JB0 + V/<y^ 3 Otftftfifc 
£*LTl^* 0 ^Of&tD^tt/N^— =Ei>^— ;U1 1 1 C 

CO 1 O 1 ) /N^-tva-jU 1 1 2 CfC^tlf*. *V 
10 t-Kl A&tf I GBT 1 B^+V/\°V^3O0-^ 

1 l 2£^*IUD&££*ii*;z£A<T*^*o _bE/\° 
^tJa-JU 1 1 C<b^«fC. &mm&5lz£-DT 

wmnmo>w®.t<&tt ki am igbti 

B V 3 O (DIBS -h iC&fc $ * C <h A<T' £ 

C0 10 2] <3SJfc<Df&5§9>0 2 2&^2 3 
<Dm&9tz&Z>*< r y— ^^zl— ;n i 3<D^5£6<Jfc:*Ma 
02 31*02 2 4 1 <D^R]A(D^ralA^^,/^ r 7 — 
20 ^S?a- JH 1 3 £S*:ii^(D*ME0 «8W0) IC«^ 

mftommtzw-tztzft. 023-et*. 

¥4* — Kl A. IGBTI BR ^7^^7(00^^^ 

/> 4 9-tv3.-;n 131*. i^t>tPZ>3tt<Dm&m 

CO 10 3] 02 2«tBfc£<D02 O <t ^ ttlS-Tttl*^^ 
*<fc?fC. A^-^Eva-JH 1 3t'lt 
±T0>T7-<U<D*'<*— Kl AXi; I GBT 1 BA<1 
OOT7-Affl(0t-hv><7 2 B(7>^® 2 BS ±lzW. 
30 IcSfi^^ltOi,, f Lt, t— hv>^2 B«t+V/< 
v5»20i 2 B S 2 £ IS 2 O S 2 <t £*t® 

TffiS$^T*>y. t-hy>^2Bi+t/\y^2 0 

<oMms^A<m»&^JlcmuTt^'^)o 
[oio4] ffe*. «*itj^3g(D&JiT— Aco^-r^-- 

K 1 ARTS I G B T 1 Bl*«--tT— Affl(D*mi±^^-T 
£ t— VislsO (ffe<Dt— h->>^) 2 B±lcHlzKfi 

2?ttr^y. ^EixjL— ;n i i c (02O#H8) 

tx^mzw&G 1 ^«aiwic^«^^r^^ 0 t±7- 

AfflC03-D<^t- hix>^7 2 Bl*St>IC^^$^r 
40 l*Z> (02 2-ei*ffig2 B J0>0*Mtf*^BgLTl^) 
t^lc. T7-Affl©t- hy>^7 2 BX0:+v/\y$ 
2 0(Da®1t«<tl*l&fifiP#1 Olr^oT|fe^$^TlN 
<bo fcfc. Ot'felt, 4OC0t-Kv>^2 

B^^rV/N°v^ 2 0£A<-t*fi«Jf;:|S#LTl^ o 
CO 1 O 5] €-JiT— Affl0)t— h*>><7 2 Bl*«^.l* 
9^^7(C«fcot*7-Affl(DSft6 0U, 6 O V, 6 

ow^^i^^v (Pi^ttoffi^) 7 T*msiwicm« 

^nTL^^> 0 fttZ* ^©'7^-^71*. 1Bg60U, 6 0 
V, 6 OWfl)rtt'W«1 0±ICffiS$tLfc^ (^ 

50 IBfim) ^4>«^^^LI*«ft^i: lt. ±T-A^:T 
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[O 1 0 6] ±y£(D£ ^fC. /<r?—=Ei>^—)l,l 1 3T* 

;n 1 i C <@2 0#88) ttt»m:y % *fe*i&*S5£ffl 
t^-i<f<, Jt7-Affl0>-$f-<*— Kl A&tf I GB 

ti Basins T7-i*m<Dmm&m&to>mQ. 

[0 10 7] /^-tva-JU 1 13T*I*±7 

^eco^m. smu'tr?— ^j.— i 3£^#-r 

[0 10 8] -tj^<7)cfc ^tz±.7 — AiT7 — A£ 

^ti^-f-VVli, fg60U, 60V. 6OW0 

< H!£K-t7- A <t T7-A £ (DNi £ t$«"T *tl^ £ It 

[o 1 09] <&m<nmmi o>@2 2 srcn 
11 DttS^WfcKaia>/^r?— ^jl — ;ui 0 5fC 

-r-Sfc®*). /w— ^e^zl— ;u 1 1 1 D<*m@aB#£4> 

'0KS&91£ii<K>*o fc<fc* @24T-f*l2ll l<tl^«fcm 

m^KD-SBcos^b u r t „ 

CO 1 1 O] fcfc. l*^S(D3O(0T7- Att-ttV 
^*tt — h->>2 2 CfciEttlt2;h,Tl^*V*-— K 1 
AX{/IGBT1Btifilt^, m*&&3§<D3 0(D-t 

-tfCffiS$tLTLN^^-<^— K 1 AJ&tf IGBT1BT' 

[0111] /W— ^e^j.— ;ui 1 1D(*. ^mii(Dt 

— 2 CCDPm(D£ffi2 CS 2-tl:i4"V/t->* 2 

0^HlcSS^tiri>^> o C<7>£^ +VAv$20tt 
-t(D&®2 OS 2£t- hv>^ 2ClC«ffl?tTSS 
ZtlTHV. ^A'y5i2 0(DS®ig2 0E2 (i2 

[Ol 1 2] ftlC, A*? — ^Ev>jl— iH 1 1 DT'liifi 

6i. 6 20>m&i&mtfmi£<»'<'y—=£i>*—)\,i o 5 

g6 1lit-hv>^2CXi;*tA , v$r2 0 (&®*g 
fi20E1^0 ^Sl^TSfcU ^t/^2O0 
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*®mfi2 oe i ^msiW(cm«^nrt>^ Q cot 
m«e i txiz& mt^ i t»4Mtd*i-cj5u % m 

g6 1 6<t- hy>^ 2 C&y4V/>'v$ 2 O 
S20E2£|£<) Jft^blfe £*VClx* e ffe^. ffit*0> 
m«6 2tt$fe»Sfl55 0C^Ht^TES$ttrj3y > t 

- hv>? 2 c £maw^t£«;**iT<^*o 

[0 1 13) ^r)—^z\>D.~>V 1 1 1 DT'li. 1^6 1 

10 Sj izfefc^o 

[0 1 14] f^—^^zL~)V 1 1 1 DICJ:;h,(£. 

(0/<9-^s?a-iuio5iBttt. r^ftf&^ssyat; 

;H O 3 P J; y t/MliS^l*ir»S^ * - <!: 

[o 1 i s] <mm<ommi ow^i >®2 6x1; 

m 2 7 fcHSfccDJ&si i o<0£ff*fli fc^*/-?? — ^Ei?a 

— in 1 2nom&mu9im®&vmmimm&7xTr 0 ± 
— ;n 1 2Dii, i>t)^^3ffi(Dmff^m^iiE^^fie 

"To 

[0 116] @2 6<tK&0)@2 4<t£ttR-f;ftl£#j&N 
£ <fc ^f". ^ESx J.— jl, 1 1 2DI*. /< r y—=e^>^ 

— JH 1 1 D0)^r^/<->* 2 OfC^ieT. ^r^/<->^ffl 

tfi3 i&tf*v/<^*fflKmi*3 3£ffix.* 0 »«afc 

I*. *^/<:>*JflE5m#3 3ttt— h>->^ 2 C(D±m 
2CS2 < !:OTLtffig$ti, t-hy>^2Bt+t 
/<v^fflm<®3 1 £-t?#£*LTl^o rtlfr.JrtK t — 
30 h*>>^ 2B(t^/Nv^fflKf»:3 3i^/\y^ 

tfi3 ut*jar±^(0¥fiijB(D+ j e/N o v^ 3 ot<mtfi 

?*ltl^c fit, /^r7— va- ;U1 1 1D<tl^« 
(C. A^-tya-^ 1 1 2D0)|$^(Dlg6 1 t 
-hyy^2C, ^r^/\°i>^ffl^mi*3 3^©t>TStt 

l. +t/<y^ffitfi3 i ^ma^cmla$ttrt^>5 0 

^-(Dffe<7>«|^ctt/^^— t*/i-;n 1 1 Dtm&T'fr 
Z> 0 ^0)tz#>. /N°9-tyi-JU 1 1 D<b^a)^ 

[0 117] /^— ^v^a-— ;U 1 1 2Dt'lt ^ 

40 -f*— Kl A&tf I GBT 1 BA^t/N°V^ 3 OCOS® 

1 1 2i:^«<Dai^^^>5Ct6<r*^^o 

[o 1 i 8] <mfa<ommi i >@2 e~®3 orziij&t 
<d»£S§i i »c^^>/<r?— ^Evi— ;n 1 1 Eom^mz 

^-To ^IS. /^-tva-yu 1 1 El*_L&(D/* , 7 — 
tya- iUI 1 1 D$l*i LTl>^fri6. X. 0ffi(D 
mji<t^iSlt4/c«). 02 8r*(*-SilO 7^^7(7)©^ 
^b^^BSLX@2 9&^@3 Ot'ttil56 O U. 6 O 
V, 6 OW^(D07Flt£#BgLTl^ o 
50 [O 1 1 9] i^va-JH 1 1 Dt'li^t- K 
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1 A&tf I GBT 1 B^itt-h'»^2C(D-*(D 

yi-iU 1 1 ET'ttVJ*— Kl AMI GBT 1 B 
6<t-hy>^ 2 C(Diffi2CS 1 2 O0) 

[O 1 2 0] P^Jctt. *Stt£*rr*fc-t-»*2 
C0)±®2CS 1 Jblc. ^2»Se&3g£>T7— A^RStt^ 
-f^— Kl A&I^ I GBT 1 BA<Ilf::E©$*iTl><& 

(02 9#HB) <, fLT, iK^t-Kl A&tf I G 

bti B<D&m<&®m±t<&&ztiTi^z> 0 mx* +^ 
2 o(D&® 2 o s i ±iz (&miza&&&&± 

I") „ $&&&lS5*<ES£;h/C*>y. 5 CD 

@6_tfC. S*SE&^<DJ:7-A£rirf *V*-Kl A 
I GBT 1 Bt<&m$tlTl^Z> (03 0#KB) o |fe 
Jt&tf 5-b<D?*f Kl A&l): I GBT 1 B(D&®^ 

gttt— 2 crcm«$tLT^^» 0 

C O 1 2 1 ] MfC. ±7- A0) I G B T 1 B(OQ®^S 
<t3?jB-f £33^J§6 ^T7- ACO I G B T 1 B(OSI€ 

o 3 0(&7-Afcm*Jbffi|$&i£A<^&6 O 
U. 6 0 V, 6 OW^]£t 0 ^Ev^jl— ;u 1 1 1 E 

IC^ott, =E¥3l— ;H 1 1 D<t|5]«<7)2!)^a< 

[0 12 2] &*>\ — ^E^j.— iUI 1 1 BVl*. t 
-hv>^2CA<<S^ii®rc|g«$^ +V/>°v*2 0 
(D«®^S^SttfiJfC^^n^o CCD£i*. 02 8 

;n i i Dtm&ommmz&rzmum (02 5# 

HS) (c^ot^iLtti^f, frfrzm&izitt&e 
2 A* r^i^gj fcfc/cy. ig6ii< r^ 2 ^gj fc 

[O 1 2 3] ±&<D/< r ?— z Ei;j-—)ls 1 1 1 D<t 

/^-tva-^ 1 1 2 D£ <7)§8&tf) <fc OlZ^ — 

iH 1 1 Etf)^V/N°->* 2 0^^^/<i>$ifflg|S 
t*3 3X^r/N°v^fflSg3 1 (C|tlLtt«i+?^ 

[0 1 2 4] <^fifc<Dff2S§1 2>0 3 1 fzglSfe(Df&Sg 1 
2lzCg^/<'7-^E^3-— jU2 O 1 (D^W^n«0^^ 
"To /N°'7- : Eya-^2 0 1li, 2 00)113© (MB) 2 
O 2 K£^**&|£te(DMt*2 O 2£«5iL* 0 »*2 0 

2<D : &ca©2 o 2 K^rcf*. ki AA<mf<ti+£ 

tL/it— h*>>^ 2Bt I GBT 1 BMEtf|-f£*L*:t: 
-Kv>^ 2 B ttmtUX&KlZ&^tttiT 1 WdiRtf 
^^ltL^ 0 03 1 T*l*#V3j— Kl AXtf I G 

BT 1 B(OfSI&0)0:^<tli^B&LTl>* o 
[O 1 2 5] C0)Bg. S-D3SB2 O 2 KJ*Mcfcl^T&t — 
K*»^2Bl» , ]2 03^mt^b*ltl3y, 
18113 2 O 3RHA<t — h >>^ 2 B(DI1A2 BH-C2ERJ} 
fiOf^SKA^tL^J: ^fC&t- hy>^ 2 BX(*SSH2 B 
H(7)[Sj^6^^^ttTt>^> 0 €-IHiaJ2 O 2 K<OW 
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t— h >>^ 2 B^(D^rct®ra2 O 3 fem(D©R*W 
T*£#l\fc?lC t— h»^2 B&tfEBfifl2 O 2 K(D 

[0 12 6] S-D3S2 O 2 KfCfclvC t — h 2 B 

(D3fe^(D0S4SfZttEira2O3 6<aitt,nT^y. 
2 0 2 tZlZ%m&mm2 O 3 £Sfc*<*;*A<?f$jac£;h,TC^ 
4o fit, S-D3&2 O 2 K(D$— ^CD^ICti^H^tt 
S§2BJi<jSfi?Htfcy, &f&^<D^f*5lMcEe 
2 B J T*5KA<*VC[H1®2 O 2 KB±A<i!§g£*VCl^o 
10 [O 1 27] mf®203tZl^ l«:2 0 2(D-fiPt^4 

<&ISti(DS (0^-fr-T) *<«-£<b*U3y* ctwz^y^ 

O 2 K*<lvbl*-8$0>arrB]€jft-*- o ^Otzib. 
/N'9- : Eya-;U2 O 1 — *<7)DaSP2 O 2 K<D_t 

ffi-;5<D;A:A^#&£35Li^K O 2 KrtfOfr 

J££3rrc<tA<T-^*o ^<Dt2. IH;2 0 2&tfJigS 

^&t-h->>^2BrBi^tfe^-r*c^A<r*^^ (*&ttii 

$g) o fc*b\ t&l£1±<D#&£LT. A3^y 
it&fk (SF 6 ) S|CD&#*\ A, 7D'J- TmOftLte 

^licot- h>»<7 2 Bp|±£(i^{arc&£pFfe-e&* 
(lOsane) o telitiot- 2 B<t3?^ 

1±(0t-hv>?2B££$§^;bi*. 3?^ttC0^^ 
fflt^(#3fM(03JSaii(Ot:— K->>? 2 B<7)^^©@51 

[O 1 2 8] £ T\ Kl Afttf/XI* I GBT 

ttS<, A^*^fC(*^«±<Dt-h^>^2B£ 

m^iS^T*fcoT4,.^ig.<D2V*— Ki A&tf/xi* 
30 i gbt i B^mt^^m-r &c<t/><-e^* 0 ^fc-g-it 
-t^<o<k^ict— hi»^2B(D^t±/ife^t±rc 

*>>t>2 B±tz&&<D&jim*-®i*m*£mnLT*>m 

[O 1 2 9] ±2(Dcfc9lC=&t"-hy>{7 2BlW B l2 
0 3£ffil*T3fc'<'b*tTl>*tDT% ^f*^P«l2 O 3 

etn 2 o 3 x y t^t^afl. 2 b h ^ ^^srciiis-r 

l*JB«fti*-efe*y-f^— Kl AMI6BT1 BOTH 

*o ffe^. ^1652 0 3fdSlf^^i«<035miS® ; fL2 
BHfCfclt>&^-n<*:y ^@1><DT% ff^^^^iqj^^C 
£t<V2Z> 0 ttot t /N°9-tya-;i,2 O 1 tz£*l 

it. <fcy^L^aJi±ig^j:yist^*^r*iaT5i3S^- 

[0 1 3 O] l£tz. ±&<D*Z>IZ. Ifelt1ia)^^fflc^ 

tlf#S3Stt<0t- h^»^ 2 BJilC^Y^- K 1 ARtf 
50 /Xt* I GBT 1 B£I&l::ffi©ir*ia^T-fcoT*,. =& 
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&XS/X.tt\ GBT1 B$»«LHt-hv>^2B 

[0131] »C % -tatD£«*ffl^#t*^a<5l^;: 
t±(Dt- h>>v^ 2 B_tf::l£lcS®or6E-c£>* 0 # 0 

[oi3 2] otmmmi 3>®3 2tz&m<Dfimi 

"To 0 3 2tZ7jk+&OlZ^ /N 0f 7— ^ v^zl— ;u 1 1 4 1*. 

&5fca>02 afc^-T/^r?— ^vj.— ;n 1 3fc**LTlt 
32^fflo>r>h«m9o^M^^.^ 0 march*. 

vr>hftt<i9 0lilg6 0U, 60V, 6 0WOtH*3 

«aic-t*t-r*tit». mststtrfcy. s->^>hfett9 

[O 1 3 3] JH 1 4T*(*«>V> hSta 

i:«kyi35^WSlt-Sa)T% ft^cD/*'?— ^j.— ;ui 

CM P9?T?ffllMt>;h.*&3S3&9 2 Piim i J, ©Wm 
[0 13 4] i/V>hifit9 0ttlfi6 0U, 6 

ov, 6 ow<D&?3mzw.®tzmmztx,Ti^z><Dx^ ^ 

/w-^zl— >n o 1 mtttmLT. /tv—^isjL— 
;u±t*£/j^gs<bT*c£A<T-£*L. maattamiffii 

p d p(D t^SJMt* * C t & 0 
[0 13 5] <mt&<D1&&l 3(DM1 >03 3IC3* 

A<om^:^junmm^-ro ^3 3 t±^(o^3 2 

tt&TftUttfrZJ: otz^ /^-^ya-^U 1 1 4A0) 
h^9 0lit-hy>^ 2 B(D&®2 B S fC 

*t®-r*&sf::&i+£>*LT£-m&6 o u, 6ov, 60 
w£w.miz&mztiT^z 0 

[O 1 36] — ^Ei>zL— ;U1 1 4 AlC<fc*U£ % t — 
hv>^90 (D^fflfr U > hj§& 9 O (Digg Jt 

A<T£* 0 VV>hStt9 0Att-hy>^2B 

[0 13 7] 

[ishbos&s] (i) S3#mi tzmzmmz&tit*^ m 

btltt^^/N^-tya-^yts 
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tofrtl «E>-f * V / (OSS±^ £ *• Wttt" -6 C <t tfT- 

[oi3 8] mtz^ mi 

me >a.-h) -?0>isjR» mi 

uz^ttzfemcxs mm; 

[o i 3 9] ttoT. 'J > 3?$ifiT(8$I1£<Dralv< , 7 — ^e 

5? 3. - ^ *««-r * - £ 2 * o 
[o i 4 o] (2) is^^fc&a&iEfc^tUij:. m i 

20 ss-r^it^^ttiSLr. /N 0f 7— ^e^jl— iu$srz/hs 
[0141] o) m*JZ3tzm2>mfmz£tn£ s t— 

[0 14 2] (4) SI*«4fC&*3gEEfC£*U£ % t- 

[0143] Mic mi comaffl^ttifc^tDme&tf 

*<, BD^. mi (DI^ffl^^^+Y/N'y^i^t 
40 CiMt^i. 

[0 14 4] (5) |g*«5rc^<b^^fCj;tL^ g2 

izn&<Dm+zntim*m&m*zmmLT®&zmm 

[0 14 5] (6) S*«6fC^^^^(C^m#. ffe(D 
t - h v > 0 -t ICKS $ ttfcm 2 (Dig* ^ 

Hfcfit^^ 0 ^o>tztf>. m^<nm13mmm^*m3-£&2 
50 i::fliirr*c£a<-e£*o 
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[oi4 6] (7) mxmnz&z&mizzntz. mm 

[0 14 7] (8) gf*«8^-5>«EHfC^^t^ mi 

it am-t rcKS $ tvtz mm&& £ 4>« & t ? * oiaiia) 
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